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TOSHIBA 


1. Dynamic RAM 


Capacity 

Device Number 

Organization 

Process 

Access Time Max. 
(ns) 

Cycle 

Time 

Power 

Supplies 

(V) 

Power Dissipation 
Max. (mW) 

Pins 

Alternate 

Source 

tRAC 

tCAC 

Min. (ns) 

Active 

Standby 


TMM416P-2 



150 

100 

320 

+5 




MK4116-2 

16K Bit 

TMM416P-3 

16,384 X 1 

NMOS 

200 

135 

375 

-5 

462 

20 

16 

MK4116-3 


TMM416P-4 



250 

165 

410 

+12 




MK4116-4 


TMM4164P-2 



120 

80 

260 







TMM4164P-3 



150 

100 

260 

+5 

275 

27.5 

16 

— 

64K Bit 

TMM4164P-4 

65,536 X 1 

NMOS 

200 

135 

330 






TMM4164AP-12 

120 

60 

, 220 







TMM4164AP-15 



150 

75 

260 

+5 

275 

22 

16 

— 


TMM4164AP-20 



200 

100 

330 






256K Bit * 

TMM41256C-12 

262,144 X 1 

NMOS 

120 

60 

220 

+5 

330 

27.5 



TMM41256C-15 

150 

75 

1 260 

275" 

16 



Note; TMM41256C ; Page Mode Parts 


2. Static RAM 


Capacity 


Organization 


Access 

Time 

Cycle 

Power 

Supplies 

Power Dissipation 

Max. (mW) 

Pins 

Alternate 

Source 



Max. (ns) 

Min. (ns) 

(V) 

Active 

Standby 


TMM314AP-1 



200 

200 





12114-2 


TMM314AP-3 



300 

300 


550 

— 


12114-3 


TMM314AP 

1,024 X 4 

NMOS 

450 

450 

+5 



18 

12114 


TMM314APL-1 

200 

200 



i2114L-2 

4K Bit 

TMM314APL-3 



300 

300 


385 

— 


i2114L-3 

TMM314APL 



450 

450 





121141 


TMM2114AP-12 

1,024 X 4 

NMOS 

120 

120 

+5 

330 


18 

12114A 


TMM2T14AP-15 

150 

150 



TMM315D-1 

4,096 X 1 

NMOS 

55 

55 

+5 

990 

165 

18 

12147-3 


TMM315D 

70 

70 

880 

110 


TMM2016P/D-1 



100 

100 


660 

CO 

00 




TMM2016P/D 

2,048 X 8 

NMOS 

150 

150 

+5 

550 

83 

24 

(HM6116) 


TMM2016P/D-2 



200 

200 


770 

165 




TMM2016AP-90 



90 

90 


440 





TMM2016AP-10 

2,048 X 8 

NMOS 

100 

100 

+5 

358 

38.5 

24 

(HM6116) 


TMM2016AP-12 

120 

120 

358 

16K Bit 

TMM2016AP-15 



150 

150 


358 


1 


* 

TMM2015AP-90 



90 

90 


440 




* 

rMM2015AP-10 

2,048 X 8 

NMOS 

100 

100 

+5 

358 

38.5 

24 


* 

TMM2015AP-12 

120 

120 

358 


* 

TMM2015AP-15 

. 


150 

150 


358 





TMM2018D-45 

2,048 X 8 

NMOS 

45 

45 

+5 

788 

105 

24 



TMM2018D-55 

55 

55 



Note; Package TMM2016AP 0.6 inch width DIP 
TMM2015AP: 0.3 inch width DIP 
TMM2018D: 0.3 inch width Dl P 

Note; Package Material P: Plastic C: Ceramic D; Cerdip F: Plastic Flat 

*Preliminary; These are target specifications and are subject to change without notice. 
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TOSHIBA 


3. CMOS Static RAM 


Capacity 

Device Number 

Organization 

Process 

Access 

Cycle 

Power 

Supplies 

(V) 

Power Dissipation 
Max. (mW) 

Pins 

Alternate 

Source 

Max. (ns) 

Min. (ns) 

Active 

Standby 

1 K Bit 

TC5501P 

256 X 4 

CMOS 

450 

450 

+5 

83 

0.055 

22 

i5101L-1 

TC5501 P-1 

650 

650 

i5101L 



TC5047AP-1 

1,024 X 4 

CMOS 

550 

650 

+5 

110 

0.11 

20 

MPD445 



TC5047AP-2 

800 

1000 



TC5504AP/AD-2 



200 

300 


27.5 

0.11 





TC5504AP/AD-3 

4,096 X .1 

CMOS 

300 

420 

+5 

18 

(HM6504) 



TC5504APL/ADL-2 

200 

300 

27.5 

0.005 



TC5504APL/ADL-3 



300 

420 




4K Bit 


TC5514AP/AD-2 



200 

200 


27.5 

0.11 




TC5514AP/AD-3 

1.024 X 4 

CMOS 

300 

300 

+5 

18 




TC5514APL/ADL-2 

200 

200 

27.5 

0.005 




TC5514APL/ADL-3 



300 

300 



(HM6514) 



TC5513AP/AD-20 

1,024 X 4 

CMOS 

200 

200 

+5 

27.5 

0.11 

18 



TC5513APL/ADL-20 

200 

200 

0.005 




TC5514P 

1.024 X 4 

CMOS 

450 

450 

+5 

138 

0.11 

18 




TC5514P-1 

650 

650 

110 



— 

TC5516AP/AD/AF-2 



200 

200 


385 

0.165 





TC5516AP/AD/AF 

2,048 X 8 

CMOS 

250 

250 

+5 

24 




TC5516APL/ADL/AFL-2 

200 

200 

385 

0.005 




TC5516APL/ADL/AFL 



250 

250 






TC5517AP/AD/AF-2 



200 

200 


385 

0.165 


(TMM2016) 

16K Bit 


TC5517AP/AD/AF 

2,048 X 8 

CMOS 

250 

250 


24 

(HM6116L) 


TC5517APL/ADL/AFL-2 

200 

200 

+5 






TC5517APL/ADL/AFL 



250 

250 


385 

■ 





TC5517BP/BD/BF-20 

2,048 X 8 

CMOS 

200 

200 

+5 

55 

0.165 

24 

(TMM2016) 



TC5517BPL/BDL/BFL-20 

200 

200 

0.005 

(HM6116L) 



TC5518BP/BD/BF -20 

2,048 X 8 

CMOS 

200 

200 

+5 

55 

0.165 

24 




TC5518BPL/BDL/BFL-20 

200 

200 

0.005 




TC5564P-10 



100 

100 



0.11 




* 

TC5564P-15 

8,192 X 8 

CMOS 

150 

150 

+5 

55 

28 



* 

TC5564PL-10 

100 

100 

0.005 


64K Bit 

* 

TC5564PL-15 



150 

150 






TC5565P-12 



120 

120 



5.5 





TC5565P-15 

8,192x8 

CMOS/ 

150 

150 

+5 

55 

28 




TC5565PL-12 

NMOS 

120 

120 

0.55 




TC5565PL-15 



150 

150 






Note Package Material P; Plastic , C: Ceramic D: Cerdip F: Plastic Flat 

*Preliminary; These are target specifications and are subject to change without notice. 
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TOSHIBA 


4. Erasable Programmable ROM 


Capacity 

Device Number 

Organization 

Process 

Access 
Time 
Max. (ns) 

Cycle 
Time 
Min. (ns) 

Power 

Supplies 

(V) 

Power Dissipation 
Max. (mW) 

Pins 

Alternate 

Source 

Active 

Standby 

64K Bit 

TMM2764D-2 

8,192 X 8 

NMOS 

200 

200 

+5 

630 

184 

28 

12764 

TMM2764D 

250 

250 

TMM2764DI-2 

200 

200 

683 

210 

— 

TMM2764DI 

250 

250 

128K Bit 

TMM27128D-20 

16,384x8 

NMOS 

200 

200 

+5 

1 - 

630 

1 - 

184 

28 

_1 

127128 

TMM27128D-25 

250 

250 


Note; TMIVI2764DI/DI-2: (Operating temperature range; —40®C~85®C) 


5 Mask Programmable ROM 


Capacity 

Device Nnumber 

Organization 

Process 

Access 

Time 
Max. (ns) 

Cycle 

Time 
Min. (ns) 

Power 

Supplies 

(V) 

Power Dissipation 

Max. (mW) 

Pins 

Alternate 

Source 

Active 

Standby 

16K Bit 

TMM334P 

2,048 X 8 

NMOS 

450 

450 

+5 

440 


24 

12316E 

32K Bit 

TMM333P 

4,096 X 8 

NMOS 

450 

450 

+5 

525 


24 

TMS4732 

TMM2332P 

350 

350 

550 

83 

24 

12332 

64K Bit 

TMM2364P 

8,192x8 

NMOS 

250 

350 

+5 

220 

83 

28 

i2364 

TMM2365P 

200 

200 

550 

138 

28 

(i2364) 

TMM2366P 

200 

200 

550 

138 

24 

MK36000 

128K Bit * 

TMM23128P 

16,384x8 

NMOS 

200 

200 

+5 

440 

.110 

28 

— 

256K Bit 

TMM23256P 

32,768 X 8 

NMOS 

150 

230 

+5 

220 

55 


__ 


6. CMOS Mask Programmable ROM 


Capacity 

Device Number 

Organization 

Process 

Access 
Time 
Max. (ns) 

Cycle 
Time 
Min. (ns) 

Power 

Supplies 

(V) 

Power Dissipation 
Max. (mW) 

— 

Pins 

Alternate 

Source 

Active 

Standby 

32K Bit 

TC5332P 

4,096 X 8 

CMOS 

450 

450 

+5 

39 

0.11 

24 

TMM2332 

TC5333P 

450 

540 

(TMM2332) 

TC5334P 

450 

450 

TMM333 

TC5335P 

450 

540 

(TMM333) 

64KBit * 

TC5364P 

8,192 X 8 

* CMOS 

250 

350 

+5 

39 

0.11 

28 

TMM2364 

TC5365P 

250 

250 

28 

TMM2365 

TC5366P 

250 

250 

24 

TMM2366 

256KBit * 

TC53256P 

32,768 X 8 

CMOS 

350 

450 

+5 


0.11 

28 

(TMM23256) 


Note Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat 

*Preliminary: These are tartet specifications and are subject to change without notice. 
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TOSHIBA DYNAMIC RAM 



(120 ns) (150 ns) 


TMM416P-4 


(250 ns) 


: PRELIMINARY 


TOSHIBA 





















TOSHIBA STATIC RAM (NMOS STATIC RAM, CMOS STATIC RAM) 


STATIC 

RAM 



(100 ns) 


(150 ns) 


(150 ns) 



*; PRELIMINARY 


TOSHIBA 


















TOSHIBA EPROM 



(200 ns) (250 ns) 

Diversion: Operating Temperature =—40 ~ 85°C 

TOSHIBA MASK ROM (NMOS MASK ROM, CMOS MASK ROM) 



(050 ns) 


TOSHIBA 






















































ACCESS TIME (ns) 


MEMORY SELECTION GUIDE 1. Note; *: Preliminary 










TC5047AP-2 




















TC5501 P 

TC5514P-1 














TC5047AP-1 













TC5501P 

TMM314AP 

TC5514P 

TMM334P 

TC5332P 

TC5333P 

TC5334P 

TC5335P 

TMM333P 














TMM2332P 



•TC53256P 


TMM314AP-3 

TC5514AP-3 

TC5504AP-3 








TC5516AP 

TC5517AP TMM416P 4 


TMM2764D 

TMM2364P 

*TC5364P 

‘TC5365P 

*TC5366P 

TMM27128D-25 



TMM314AP-1 

TC5514AP-2 

TC5513AP-20 

TMM 2016P-2 TCC5517AP-2 
TMM416P-3 *TC5517BP-20 

TC5516AP-2 *TC5518BP-20 


TMM4164P-4 

TMM2764D-2 

TMM2365P 

TMM2366P 

TMM4164AP-20 

TMM27128D-20 

♦TMM23128P 



TMM2114AP-12 

TMM2114AP-15 

TMM2016P *TMM2015AP-12 

TMM2016AP-12 *TMM2015AP-15 
TMM2016AP-15 TMM416P-2 


TMM4164P-2/3 

TMM4164AP-12/15 

*TC5564P-15 

TC5565P-12/15 

TMM23256P 

*TMM41256C-12 

*TMM41256C-15 


TMM315D 

TMM315D-1 

TMM2016P-1 *TMM2015AP-10 

TMM2016AP-10 *TMM2015AP-90 
TMM2016AP-90 TMM2018D-55 


*TC5564P-10 





TMM2018D-45 






1KBit 4KBit 


16K Bit 


32KBit 64KBit 128KBit 256KBit 


TOSHIBA 







MEMORY SELECTION GUIDE (2) 


Memory 

Type 

Memory Capacity 

IK Bit 

4K Bit 

16K Bit 

32K Bit 

64K Bit 

128K Bit 

256K Bit 

RAM 

Dynamic RAM 



TMM416P 


TMM4164P 

TMM4164AP 


*TMM41256C 

Nch Static RAM 


TMM314AP 

TMM2114AP 

TMM315D 

TMM2016P 

TMM2016AP 

*TMM2015AP 

TMM2018D 





CMOS Static RAM 

TC5501P 

TC5047AP 

TC5514P 

TC5514AP 

TC5513AP 

TC5517AP/AF 

TC5516AP/AF 

*TC5517BP/BF 

^TC5518BP/BF 


*TC5564P 

TC5565P 



ROM 

EPROM 





TMM2764D 

TMM2764DI 

TMM27128D 


Nch MASK ROM 



TMM334P 

TMM333P 

TMM2332P 

TMM2364P 

TMM2365P 

TMM2366P 

*TMM23128P 

TMM23256P 

CMOS MASK ROM 




TC5332P 

TC5333P 

TC5334P 

TC5335P 

*TC5364P 

*TC5365P 

*TC5366P 

_i 


*TC53256P 


■PRELIMINARY 


TOSHIBA 








MEMORY SELECTION GUIDE (3) 



PRELIMINARY 


4 




TC5501P 


TMM314AP TMM2114AP 

TC5047AP TC5514P 

TC5514AP TC5513AP 



TMM2016P TMM2016AP 

*TMM2015AP TMM2018D 

TC5516AP/AF TC5517AP/AF 

*TC5517BP/BF *TC5518BP/BF 

TMM334P 


TMM2332P TMM333P 

TC5332P TC5333P 

TC5334P TC5335P 


*TC5564P TC5565P 

^TC5364P TMM2364P 

*TC5365P TMM2365P 

*TC5365P TMM2366P 

TMM2764D 


TMM27128D 

*TMM23128P 


TMM23256P 

*TC53256P 






TOSHIBA 















TOSHIBA BYTE-WIDE MEMORY PIN OUT (CURRENT AND FUTURE DEVICES) 


TOSHIBA 


MROM (TMM23250) 


CN CQ 


EPROM {TMM27128) 


MROM (TMM23128) 


CRAM (TC5564/65) 


MROM (TMM2365) 


MROM (TMM2364) 


EPROM {TMM2764) 


CMOS MROM (TC5333) 


CMOS MROM (TC5332) 


MROM (TMM2332) 


CRAM (TC5517) 


CRAM (TC5516/18) 


SRAM (TMM2016/15) 


II IS 


MROM (TMM334) 


CM CM CN CM 




MROM (TMM334) 


r- CM 00 


CM t- O 

CM CM CM 

O 0> 00 


i£> CO r;> 
00 O) 


■TZTTir 

Q 


SRAM (TMM2016/15) 


CRAM (TC5516/18) 


CRAM (TC5517) 


MROM (TMM2332) 


CMOS MROM (TC5332) 


CMOS MROM (TC5333) 


EPROM (TMM2764) 


MROM (TMM2364) 


MROM {TMM2365) 


CRAM (TC5564/65) 


MROM (TMM23128) 


EPROM (TMM27128) 


MROM (TMM23256) 




















TOSHIBA 


CROSS REFERENCE 

1. 16 K Bit Dynamic RAM 


~_ Access Tim 

Toshiba 

150 ns 

TMM416P-2 

200 ns 

TMM416P-3 

250 ns 

TMM416P-4 

Fairchild 

F16K-2 

F16K-3 

F16K4 

Fujitsu 

MB8116H 

MB8116E 

MB8116N 

Hitachi 

HM4716A-2 

HM4716A-3 

HM4716A-4 

Intel 

2117-2 

2117-3 

2117-4 

Intersil 


IM7116-3 

IM7116-4 

Mitsubishi 

M5K4116-2 

M5K4116-3 

M5K4116-4 

Mostek 

MK4116-2 

MK4116-3 

MK4116-4 

Motorola 

MCM4116C-2 

MCM4116C-3 

MCM4116C-4 

National Semi. 

NM 5290-2 

MM5290-3 


NEC 

juPD416C/D-3 

iuPD416C/D-2 

MPD416C/D-1 

Tl 

TMS4116-15 

TMS4116-20 

TMS4116-25 


2. 64K Bit Dynamic RAM. 



120 ns 

150 ns 

200 ns 

Toshiba 

TMM4164P-2 

TMM4164P-3 

TMM4164P-4 

Fujitsu 


MB8264-15 

MB8264-20 

Hitachi 


HM4864-2 

HM4864-3 

Intel 


2164-15 

2164-20 

Mitsubishi 


M5K4164N-15 

M5K4164N-20 

Motorola 


MCM6665-15 

MCM6665-20 

NEC 


jLiPD4164-3 

iLiPD4164-2 

OKI 

MSM3764-12 

MSM3764-15 

MSM3764-20 

Tl 


TMS4164-15 

TMS4164-20 


3. 4K Bit Static RAM 



1,024x4 

4,096 X 1 

\Access Time 

200 ns 

300 ns 

450 ns 

55 ns 

70 ns 

Toshiba 

TMM314AP-1/APL-1 

TMM314AP-3/APL-3 

TMM314AP/APL 

TMM315D-1 

TMM315D 

AND 

Am9114EPC 

Am9114CPC 

Am9114BPC 



AMI 

S2114-2 

S2114-3 



S2147 

Fujitsu 

MB8114EL 

MB8114NL 


MB8147H 

MB8147E 

Hitachi 

HM472114AP-2 

HM472114AP-3 

HM472114AP-4 

HM6147-3 

HM6147 

Intel 

2114-2/L2 

2114-3/L3 

2114/L 

2147-3 

2147 

Intersil 

IM7114-2/L2 


IM7114L 



Mitsubishi 

M5L2114LP, S-2 

M5L2114LP,S-3 

M5L2114LP,S 



Motorola 

MCM2114-20 

MCM2114-30 

MCM2114-45 

MCM2147-55 

MCM2147-70 

National 

MM2114-2/-2L 

MM2114-3/-3L 

MM2114/-L 

MM2147-3 

MM2147 

NEC 

JUPD2114LC/D-3 

MPD2114LC/D-1 

MPD2114LC/D 

iMPD2147D-3 

MPD2147D-2 

SYNERTEK 





SY2147 

Tl 

TMS4045-20 


TMS4045-45 

TMS2147-5 

TMS2147-7 


13 



















TOSHIBA 


4. 1K/4K Bit CMOS RAM 



1 K Bit 

4 K Bit 1 

256x4 

1,024x4 

1,024x4 

4,096 X 1 

Toshiba 

TC5501P 

TC5047AP 

TC5514P 

TC5514AP/TC5513AP 

TC5504P 

TC5504AP 

Fujitsu 



MB8414 

MB8404 

Harris 

HM6501 


HM6514 

HM6504 

Hitachi 

HM435101 


HM4334 

HM4315 

Intel 

15101 L 




Intersil 



IM6514 

IM6504 

Mitsubishi 

M5L5101P-1 


M58981S-45 


NEC 

/iPD5101 

)uPD445 

/UPD444 


Oki 



MSM5114 

MSM5104 

RCA 



MWS5114 



5. 16 K Bit NMOS/CMOS Static RAM 



16 K Bit 1 

NMOS 

CMOS 1 

Toshiba 

TMM2016P 

TMM2016AP 

TC5516AP 

TC5517AP/BP 

TC5518BP 

Fujitsu 

MB8128 

MB8417 

TM8416 

MB8418 

Hitachi 

(HM6116i 


{HM6116) 

(HM6117) 

Mitsubishi 

M58725 




NEC 

MPD4016 

iuPD447 

/iPD446 

)UPD449 

OKI 

MSM2128 

MSM5127 

MSM5128 

MSM5129 


6. ROM (EPROM &MROM) 



EPROM 

MROM 1 

64 K Bit 

32 K Bit 

64 K Bit 

Toshiba 

TMM2764D 

TMM333P 

TC5334P 

TC5335P 

TMM2332P 

TC5332P 

TC5333P 

TMM2364P 

TMM2365P 

TMM2366P 

Fujitsu 

MB2764 

MB8332 

MB8333 


MB8364 

Hitachi 

HN482764 

HM46332P 



HN48364 

Intel 

12764 


i2332 

12364 


Mitsubishi 


M58333 

M58735 


M58334 

Mostak 


MK32000 


MK37000 

MK36000 

Motorola 






NEC 


iuPD2332 



/iPD2364 

Oki 

MSM2764AS 





Tl 


TIVIS4732 



TM 54764 
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Dynamic Random Access Memories 
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TOSHIBA MOS MEMORY PRODUCTS 


16384 WORD x 1 BIT DYNAMIC RAM TMM4I6P-2, TMM4I6P-3, 

N CHANNEL SILICON GATE MOS TMM4I6P-4 


DESCRIPTION 

The TMM416P is a 16,384 words by 1 bit MOS 
random access memory circuit fabricated with 
TOSHIBA'S double poly N-channel silicon gate proc¬ 
ess for high performance and high functional density. 

The TMM416P uses a single transistor dynamic 
storage cell and dynamic control circuitry to achieve 

FEATURES 


• 16,384 words by 1 bit organization 

• Fast access time and cycle time 


DEVICE 

tRAC 

tRC 

TMM416P-2 

150 ns 

320 ns 

TMM416P-3 

200 ns 

375 ns 

TMM416P-4 

250 ns 

410 ns 


• Industry standard 16 pin plastic DIP 

• Standard ± 10% power supply (-I-12V, ± 5V) 

• Lower power; 462mW operating (max.) 

20mW standby (max.) 


high speed and low power dissipation. Multiplexed 
address inputs permit the TMM416P to be packaged 
in a standard 16 pin plastic DIP. This package size 
provides high system bit densities and is compatible 
with widely available automatic testing and insertion 
equipment. 


• Output unlatched at cycle end allows two-dimen¬ 
sional chip select 

• Common I/O capability using "Early Write" opera¬ 
tion _ 

• Read-Modify-Write, RAS-only refresh, and Page- 
Mode capability 

• All inputs and output TTL compatible 

• 128 refresh cycles / 2 msec 

• Compatible with MK4116 


PIN CONNECTIONS 


BLOCK DIAGRAM 



PIN NAMES 


Ao-Ag 

Address Inputs 

-CAS 

Column Address Strobe 

D|N 

Data In 

Dqut 

Data Out 

RAS 

Row Address Strobe 

WRITE 

Read/Write Input 

Vbb 

Power {—5V) 

^cc 

Power {+5V) 

Vdd 

Power (-i-IZV) 

Vss 

Ground 
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ABSOLUTE MAXIMUM RATINGS 


RATING 

VALUE 

UNITS 

NOTES 

Voltage on any pin relative to Vbb 

-0.5 ~+20 

V 

1 

Voltage on Vqd « ^cc supplies relative to Vss 

-1.0~+15 

V 

1 

Vbb'Vss (Vdd-Vss ^OV) 

0 

V 

1 

Operating temperature 

0~70 

°C 

1 

Storage temperature 

-55-150 

°C 

1 

Soldering temperature • Time 

260• 10 

°C • sec 1 

1 

Power dissipation 

600 

mW 

1 

Short circuit output current i 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) (Note 2) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vdd 

Supply Voltage 

10.8 

12.0 

13.2 

V 

3 

Vcc 

4.5 

5.0 

5.5 

V 

3,4 

Vss 

0 

0 

0 

V 

3 

Vbb 

-4.5 

-5.0 

-5.5 

V 

3 

V|HC 

Input High Voltage, RAS, CAS, WRITE 

2.7 


7.0 

V 

3 

V|H 

Input High Voltage, except RAS, CAS, WRITE 

2.4 


7.0 

V 

3 

V|L 

Input Low Voltage, all inputs 

-1.0 


0.8 

V 

3 


DC ELECTRICAL CHARACTERISTICS 

(Vdd = 12.0V ± 10%, Vcc =5.0V±10%,Vss =0V, Vbb =-5.0V± 10%, Ta = 0°C ~ 70°C) (Note 2) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Iddi 

OPERATING CURRENT 

Average power supply operating current 


35 

mA 

5 

• cci 




6 

Ibbi 

(RAS, CAS cycling : tpc ~ value) 


200 

fiA 


IdD2 

STANDBY CURRENT 

Power supply standby current 

(RAS = V|Hc< Dqut ~ High Impedance) 


1.5 

mA 


Icc 2 

-10 

10 

HA 


IbB2 


100 

mA 


IdD3 

REFRESH CURRENT 

Average power supply current, refresh mode. 


27 

mA 

5 

ICC3 

-10 

10 

AxA 


IbB3 

(RAS cycling, CAS = Vihc • Irc = minimum value) 


200 

m.a 


IdD4 

PAGE MODE CURRENT 

Average power supply current, page mode operation 


27 

mA 

5 

ICC4 




6 

IbB4 

(RAS = V| L, CAS cycling : tpc = minimum value) 


200 

fiA 


l| (L) 

INPUT LEAKAGE CURRENT 

Input leakage current, any input (Vbb = ~5V 

OV < V||\j < +7.0V,all other pins not under test = OV) 

-10 

10 

IxA 


lo{L) 

OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OV < Vqut < +5.5V) 

^10 

10 

IX A 


VOH 

OUTPUT LEVELS 

Output "H" level voltage (Iqut —5mA) 

2.4 


V 

4 

VoL 

OUTPUT LEVELS 

Output "L" level voltage (Iqut = 4.2mA) 


0.4 

V 

4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vdd = 12.0V±10%; Vcc =5.0V±10%, Vss =OV,Vbb =-5.0V± 10%, Ta = 0°C ~ 70°C) (NOTES 2, 7,8, 10) 


SYMBOL 

PARAMETER 

TMM416P-2 

TMM416P-3 

TMM416P-4 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random read or write cycle time 

320, 


375 


410 


ns 

9 

tRWC 

Read-write cycle time 

320 


375 


425 


ns 

9 

tRMW 

Read-modify-write cycle time 

320 


405 


500 


ns 

9 

tpc 

Page mode cycle time 

170 


225 


275 


ns 


tRAC 

Access time from RAS 


150 


200 


250 

ns 

11,13 

tCAC 

Access time from CAS 


100 


135 


165 

ns 

12, 13 

tOFF 

Output buffer turn-off delay 

0 

40 

0 

50 

0 

60 

ns 

14 

tj 

Transition time (rise and fall) 

3 

35 

3 

o 

LD 

3 

50 

ns 

10 

tRP 

RAS precharge time 

100 


120 


150 


ns 


tRAS 

RAS pulse width 

150 

32,000 

200 

32,000 

250 

32,000 

ns 


tRSH 

RAS hold time 

100 


135 


165 


ns 


tcSH 

CAS hold time 

150 


200 


250 


ns 


tCAS 

CAS pulse width 

100 

10,000 

135 

10,000 

165 

10,000 

ns 


tRCD 

RAS to CAS delay time 

20 

50 

25 

65 

35 

85 

ns 

15 

tCRP 

CAS to RAS precharge time 

-20 


-20 1 


-20 


ns 


tASR 

Row Address set-up time 

0 


0 


0 

— 

ns 


tRAH 

Row Address hold time 

20 


25 


35 


ns 


Use 

Column Address set-up time 

-10 


-10 


-10 


ns 


tCAH 

Column Address hold time 

45 


55 


75 


ns 


tAR 

^ Column Address hold time 
referenced to RAS 

95 


120 


160 


ns 


tRCS 

Read command set-up time 

0 


0 

r" 

° 

j 

ns 


tRCH 

Read command hold time 

0 


0 


1 ° 


ns 


twCFI 

Write command hold time 

~45-~ 


55 


75 


ns 


tWCR 

Write command hold time 

referenced to RAS 

95 


120 


.... 

160 


ns 


twp 

Write command pulse width 

45 


55 


75 


ns 


tRWL 

Write command to RAS lead time 

50 


70 


85 


ns 


teWL 

Write command to CAS lead time 

^. 


70 


85 


ns 


^DS 

Data-in set-up time 

0 


0 


0 


ns 

16 

tDH 

Data-in hold time 

45 


55 


75 


ns 

16 

to HR 

Data-in hold time referenced to RAS 

95 


120 


160 


ns ' 


tcp 

CAS precharge time (for page¬ 
mode cycle only) 

60 


80 


100 


' ! 

ns 


Uef 

Refresh period 


2 


2 


2 

ms 


Ucs 

WRITE command set-up time 

-20 


-20 


-20 


ns 

17 

teWD 

CAS to WRITE delay 

60 


80 


90 


ns 

17 

tRWD 

RAS to WRITE delay 

110 


145 


175 


ns 

17 


19 
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TIMING WAVEhuniv., 


READ CYCLE 
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• PAGE MODE READ CYCLE 


CAS 


ADDRESSES 


Dqut 


WRITE 



• PAGE MODE WRITE CYCLE 
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CAPACITANCE 

(Vdd = 12.0V±10%, Vcc =5.0V±10%, Vss =OV.Vbb =-5.0V± 10%, f = 1MHz, Ta = 0°C ~ 70°C) 


TOSHIBA 


SYMBOL 

PARAMETER ' 

TYP. 

MAX. 

UNIT 

Cii 

Input Capacitance (Ao-Ae), D|n 

4 

5 

PF 

Cia 

Input Capacitance RAS, CAS, WRITE 

8 

10 

pF 

Co 

Output Capacitance (Dqut) 

5 

7 

pF 


POWER DERATING CHARACTERISTICS 



NOTES 

1. Stresses greater than those listed under "Absolute Maximum Ra¬ 
tings" may cause permanent damage to the device. 

2. Tg is specified here for operation at frequencies to 
^RC ^^RC (ftiin.). Operation at higher cycle rates with reduced 
ambient temperatures and higher power dissipation is permissible, 
however, provided AC operating parameters are met. See Fig. 1 
for derating curve. 

3. All voltages are referenced to Vss. 

4. Output voltage will swing from Vss when activated with 

no current loading. For purposes of maintaining data in standby 
mode, VcQ may be reduced to Vss without affecting refresh 
operations or data retention. However, the Vqh (nfiin.) specifica¬ 
tion is not guaranteed in this mode. 

5- iODI' *OD3 *OD4 d^Pend on cycle rate. See figures 2, 3 and 
4 for Iqq limits at other cycle rates. 

6. icci 3*^*^ *CC4 depend upon output loading. During readout of 
high level data VcC connected through a low impedance to data 
out. At all other times Iqq consists of leakage currents only. 

7. After the application of supply voltages or after extended periods 
of bias (greater than tpgp: 2ms) without clocks, the device must 
perform about eight initialization cycles prior to normal opera¬ 
tion. 

8. AC measurements assume tj = 5ns. 

9. The specifications for tpQ (min.), (min.) and (min.) 

are used only to indicate cyqle time at which proper operation 
ovet\^the full temperature range (0 C ^Tg^70 C) is assured. 

10. Vine ("lin.) or V|n (min.) and V| (max.) are reference levels for 


measuring timing of input signals. Also, transition times are meas¬ 
ured between Vj^c O'" Vm and V||_. 

11. Assumes that tpQQ ^tpcD (max.). If is greater than the 

maximum recommended value shown in this table, tp^C will in¬ 
crease by the amount that tp^Q exceeds the value shown. 

12. Assumes that tpcD ^tpQQ (max.) 

13. Measured with a load equivalent to 2 TTL loads and lOOpF. 

14. toFF (rnax.) defines the time at which the output achieves the 
open circuit condition and is not referenced to output voltage 
levels. 

15. Operation within the tpcD (niax.) limit insures that tp,(^Q (max.) 
can be met. tpcQ (max.) is specified as a reference point only: if 
^RCD greater than the specified tpcD (rnax.) limit, then access 
time is controlled exclusively by 

16. These paramete rs are re ferenced to CAS leading edge in early write 
cycles and to WRITE leading edge in delayed write or read- 
mod ify-write cycles. 

17. tyycS' ^eWD ^nd tpyy/Q are not restrictive operating parameters. 
They are included in the data sheet as electrical characteristics 
only. 

If fwes ^ ^WeS (min.), the cycle is an early write cycle and the 
data out pin wiil remain open circuit (high impedance) throughout 
the entire cycle: 

If '^eWD ^ feWD (min.) and tpy^Q ^tpy/yp (min.), the cycle is a 
read-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 
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APPLICATION INFORMATION 

ADDRESSING 

The 14 address bits required to decode 1 of the 
16,384 cell locations within the TMM416P are 
multiplexed onto the 7 address inputs and latched 
into the on-chip address latches by externally apply¬ 
ing two negative going TTL-level clocks. _ 

The first clock, the Row Address Strobe (RAS), 
latches the 7 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 7 column address bits into 
the chip. Each of these signals, RAS and CAS, trig¬ 
gers a sequence of events which are controlled by dif¬ 
ferent delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurence of a 
delayed signal.derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAh) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D|n) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the Djn is strobed by CAS and the set¬ 
up and hold times are referenced to CAS. If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are 
referenced to the negative edge of WRITE rather than 
CAS. (To illustrate this feature, D|n is referenced to 
WRITE in the timing diagrams depicting the read- 
write and page-mode write cycles while the "early 
write" cycle diagram shows D|n referenced to CAS). 


Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dq UT) 
of the TMM416P is the high impedance (open- 
circuit) state. That is to say, anytime CAS is at a high 
level, the Dqijt Pin will be floating. The only time 
the output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle. Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

If the memory cycle in progress is a read, read- 
modify write, or a delayed write cycle, then the data 
output will go from the high impedance state to the 
active condition, and at access time will contain the 
data read from the selected cell. This output data is 
the same polarity (not inverted) as the input data. 
Once having gone active, the output will remain valid 
until CAS is taken to the precharge (logic 1) state, 
whether or not RAS goes into precharge. 

If the cycle in progresses an "early-write" cycle 
(WRITE active before CAS goes active), then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this type 
of output configuration, the user is given full control 
of the Dout pin simply by controlling the placement 
of WRITE command during a write cycle, and the 
pulse width of the Column Address Strobe during 
read operations. Note also that even though data is 
not latched at the output, data can remain valid from 
access time until the beginning of a subsequent cycle 
without paying any penalty in overall memory cycle 
time (stretching the cycle). 

PAGE MODE OPERATION 

The "Page-Mode" feature of the TMM416P al¬ 
lows for successive memory operations at multiple col¬ 
umn locations of the same row address with increased 
speed without an increase in power. This is done by 
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Strobing the row address into the chip and maintain¬ 
ing the RAS signal at a logic 0 throughout all succes¬ 
sive memory cycles in which the row address is com¬ 
mon. This "page-mode" of operation will not dis¬ 
sipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval. 
Although any normal memory cycle will perform the 
refresh operation, this function is most easily accom¬ 
plished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the Idd3 
specification. 

POWER CONSIDERATIONS 

Most of the circuitry used in the TMM416P is 
dynamic and most of the power drawn is the result of 
an address strobe edge, (refer to theTMM416P cur¬ 


rent waveforms in Fig. 5) In system applications 
requiring lower power dissipation, the operating 
frequency (cycle rate) of the TMM416P can be re¬ 
duced and the (guaranteed maximum) average power 
dissipation of the device will be lowered in accord¬ 
ance with the Iddi (max.) spec limit curve illustrated 
in Fig. 2. 

It is possible to operate certain versions of the 
TMM416P family (—2 and 3 speed selections for 
example) at frequencies higher than specified, provid¬ 
ed all AC operating parameters are met. Operation at 
shorter cycle times (< tpc min.) results in higher 
power dissipation and, therefore, a reduction in 
ambient temperature is required. Refer to Fig. 1 for 
derating curve. 

POWER UP 

The TMM416P requires no particular power sup¬ 
ply sequencing so long as the Absolute Maximum 
Rating Conditions are observed. Flowever, in order to 
insure compliance with the Absolute Maximum Rat¬ 
ings, TOSHIBA recommends sequencing of power 
supplies such that Vbb is applied first and removed 
last. Vbb should never be more positive than Vss 
when power is applied to Vq □. 


TYPICAL CURRENT WAVEFORMS 



Fig. 5 


25 - 























TOSHIBA 


OUTLINE DRAWING 


16 15 14 13 12 11 10 9 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm 

of their longitudinal position with respect to No. 1 and No. 16 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Mar., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

65,536 WORD X 1 BIT DYNAMIC RAM TMM4 I 64P-2, TMM4 I 64P-3 

N-CHANNEL SILICON GATE MOS TMIVI4 I 64P-4 


DESCRIPTION 

The TMM4164P is the new generation dynamic 
RAM organized 65,536 words by 1 bit, it is successor 
to the industry standard TMM416P. 

The TMM4164P utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 


Multiplexed address inputs permit the TMM4164P 
to be packaged in a standard 16 pin plastic DIP. 
This package size provides high system bit densities 
and is compatible with widely available automated 
testing and insertion equipment. 

System oriented features include single power supply 
of 5V ±10% tolerance, direct interfacing capability 
with high performance logic families such as Schottky 
TTL. 


FEATURES 


• 65,536 words by 1 bit organization 

• Fast access time and cycle time 



• Single power supply of 5V ± 10% with a built-in 
Vbb generator 


• Low power; 275mW operating (MAX.) 

27.5mW standby (MAX.) 

PIN CONNECTION (TOP VIEW) 



• Industry standard 16 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen¬ 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh and Page 
Mode capability 

• All inputs and output TTL compatible 

• 128 refresh cycles/2ms 

BLOCK DIAGRAM 

--O Vcc 



PIN NAMES 


Aq ~ A 7 

Address Inputs 

CAS 

Column Address Strobe 

D|N 

Data In 

NC 

No — Connection 

Dqut 

Data Out 


Row Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

V|N. VouT 

-1 ~7 

V 

1 

Power Supply Voltage 

Vcc 

-1 ~7 

V 

1 

Operating Temperature 

Tqpr 

0~70 


1 

Storage Temperature 

Tstg 

-55-150 

“C 

1 

Soldering Temperature • Time 

TsOLDER 

260 • 10 

®C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 


6.5 

V 

2 


Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V± 10%, Ta = 0 ~ 70“C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS.CAS Cycling: tpc =tRC MIN.) 



50 

mA 

3,4 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = V|H, Dqut "" Impedance) 



5 

mA 


•CC3 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = V|h : tpc = tpc MIN.) 



40 

mA 

3 

ICC4- 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS = V|i_, CAS Cycling: tpc =tpc MIN.) 



40 

mA 

3,4 

l|(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (OV ^ V|n ^6.5V 

All Other Pins Not Under Test = OV) 

-10 


10 

fJtA 


•O (L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV ^ Vqut ^+5.5V) 

-10 


10 

ma 


Vqh 

OUTPUT LEVEL 

Output “H" Level Voltage (Iqut = —5mA) 

2.4 



V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 



0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0 ~ 70°C) (Notes 5,6, 7) 


SYMBOL 

PARAMETER 

TMM4164P-2 

TMM4164P-3 

TMM4164P-4 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Ran(dom read or write cycle time 

260 


260 


330 


ns 


tRWC 

Read-write cycle time 

260 


270 


335 


ns 


tRMW 

Read-modify-write cycle time 

265 

'■ 

310 


390 


ns 


tpc 

Page mode cycle time 

140 


170 


225 


ns 


^RAC 

Access time from RAS 


120 


150 


200 

ns 

8,10 

^CAC 

Access time from CAS 


80 


100 


135 

ns 

9,10 

tOFF 

Outpiit buffer turn-off delay 

0 

35 

0 

40 

0 

50 

ns 

11 

tT 

Transition time (rise and fall) 

3 

35 

3 

35 

3 

50 

ns 

6 

tRP 

RAS precharge time 

90 


100 


120 


ns 


tRAS 

RAS pulse width 

120 

10,000 

150 

10,000 

200 

10,000 

ns 


tRSH 

RAS hold time 

80 


100 


135 


ns 


^CSH 

CAS hold time 

120 


150 


200 


ns 


tCAS 

CAS pulse width 

80 

10,000 

100 

10,000 

135 

10,000 

ns 


■^RCD 

RAS to CAS delay time 

25 

40 

25 

50 

30 

65 

ns 

12 

^CRP 

CAS to RAS precharge time 

0 


0 


0 


ns 


USR 

Row Address set-up time 

0 


0 


0 


ns 


^RAH 

Row Address hold time 

15 


15 


20 


ns 


Use 

Column Address set-up time 

0 


0 


0 


ns 


^CAH 

Column Address hold time 

40 


45 


55 


ns 


Ur 

Column Address hold time 
referenced to RAS 

80 


95 


120 


ns 


Ucs 

Read command set-up time 

0 


0 


0 


ns 


UCH 

Read command hold time 

0 


0 


0 


ns 


%CH 

Write command hold time 

40 


45 


55 


ns 


%CR 

Write command hold time 
referenced to RAS 

80 


95 


120 


ns 


twp 

Write command pulse width 

40 


45 


55 


ns 


UWL 

Write command to RAS lead time 

40 

1 

45 


55 


ns 


^eWL 

Write command to CAS lead time 

40 


45 


55 


ns 


tDS 

Data-in set-up time 

0 

1 

0 


0 


ns 

13 

^DH 

Data-in hold time 

40 


45 


55 


ns 

13 

^DHR 

Data-in hold time referenced to RAS 

80 


95 


120 


ns 


tcp 

CAS precharge time (for page¬ 
mode cycle only) 

50 


60 

1 

1 

80 


ns 


tREF 

Refresh period 


2 


2 


2 

ms 


%CS 

Write command set-up time 

-10 


-10 


-10 


ns 

14 

teWD 

CAS to WRITE delay 

50 


60 


80 


ns 

14 

^RWD 

RAS to WRITE delay 

90 


110 


145 


i ns 
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TIMING WAVEFORMS 
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• PAGE MODE READ CYCLE 


tRAS 



• PAGE MODE WRITE CYCLE 


RAS 


CAS 


ADDRESSES 


WRITE 


D|N 
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CAPACITANCE 

(Vcc=5V±10%, f=1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

C|i 

Input Capacitance (Aq ~ A 7 , D|n) 


4 

5 

pF 

C |2 

Input Capacitance (RAS, CAS, WRITE) 


8 

10 

PF 

Co 

Output Capacitance (Dqut) 


5 

7 

pF 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vgs. 

3- Icci - lcC 3 , lcC 4 depend on cycle rate. 

4- Ice 1 - lcC 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200 ms is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6 . AC measurements assume Xj = 5ns. 

7. V|H (min.) and V|l (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be¬ 
tween V|H and V|L. 

8 . Assumes that tpco = tRCD (max.). If tpcD is greater than the maximum recommended value shown in this table, tpAC will 
increase by the amount that tpcD exceeds the value shown. 

9. Assumes that tpcD = tpcD (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11 . toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Operation within the tpcD (max.) limit insures that tpAc (max.) can be met. tpcD (max.) is specified a reference point only: 
'■f tpCD Is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 

"14. tweS' teWD tRWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twes = 'twes (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; 

'■f ^eWD ^ ■^eWD (min.) and tpwD ^ tpwD (min.), the cycle is read-write cycle or read-modify-cycle and the data out will 
contain data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 

APPLICATION INFORMATION 
ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TI\/1M4164P are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply¬ 
ing two negative going TTL-level clocks. _ 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip. The sec¬ 
ond clock, the Column Address Strobe (CAS), subse¬ 
quently latches the 8 colu mn a ddres s bit s into the 
chip. Each of these signals, RAS, and CAS, triggers a 
sequence of events which are controlled by different 


delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited unt^l the o ccurence of a 
delayed sig nal d erived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAh) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 
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DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (Din) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, if the WRITE input is brou ght l ow (active) 
prior to CAS, the D|n is strobed by CAS and the set¬ 
up and hold times are re feren ced to CAS. If the input 
data is not available at CAS time or i f it is d esired 
that the cycle be a read-wri te cy cle, the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up and hold t imes are re feren ced to the 
negative edge of WRITE rather than C AS. (T o illus¬ 
trate this feature, D|n is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "earl y write" cycle dia¬ 
gram shows D|n referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
thro ughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dbur) 
of the TMIV14164P is the high impedance (open cir¬ 


cuit) state. That is to say, anytime CAS is at a high 
level, the Dqut Pin will be floating. The only time 
the output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle . Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM4164P al¬ 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at^ fogic 0 throughout all 
successive memory cycles in which the row address is 
common. This "Page-Mode" of operation will not 
dissipat e the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 row 
address (Aq ~ Ag) within each 2 millisecond time 
interval. Although any normal memory cycle will 
perform the refresh operati on, t his function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Ices specification. 


OUTLINE DRAWINGS 


16 15 14 13 12 11 10 9 

rfi rh rh rh rh cjL 


‘'iij lii i4j lIj l} 3 -T:^-[4r 

1 2 3 4 5 6 7 8 


Unit in mm 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi¬ 

nal position with respect to No. 1 and No. 16 leads. 

All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for usp of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Apr., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


65,536 WORD X 1 BIT DYNAMIC RAM TIVIM4 I 64AP- I 2 

TMM4 I 64AP- I 5 

N^HANNEL SILICON GATE MOS TMM4 I 64AP-20 


* This is advance information and specifications are subject 
to change without notice. 


DESCRIPTION 

The TMM4164AP is the high speed, low power 
dynamic RAM organized 65,536 words by 1 bit, it 
is successor to the industry standard TMM4164P. 

The TMM4164AP utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 

FEATURES 


Multiplexed address inputs permit theTMM4164AP 
to be packaged in a standard 16 pin plastic DIP. This 
package size provides high system bit densities and 
is compatible with widely available automated testing 
and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing capa¬ 
bility with high performance logic families such as 
Schottky TTL. 


• 65,536 words by 1 bit organization 

• Fast access time and cycle time 


DEVICE 

tRAC 

tCAC 

tRC 

TM1V14164AP-12 

120 ns 

60 ns 

220 ns 

TMM4164AP-15 

150 ns 

75 ns 

260 ns 

TMM4164AP-20 

200 ns • 

100 ns 

330 ns 


• Single power supply of SV ± 10% with a built-in 


Vbb generator 

• Low power; 275mW operating (MAX.) 

22m\A/ standby (MAX.) 

PIN CONNECTION (TOP VIEW) 


• Industry standard 16 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen¬ 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh and Page 
Mode capability 

• All inputs and output TTL compatible 

• 128 refresh cycles/2ms 

BLOCK DIAGRAM 
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TOSHIBA 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

V|N, VoUT 

-1~7 

V 

1 

Power Supply Voltage 

Vcc 

-1 ~7 

V 

1 

Operating Temperature 

Tqpr 

0~70 

°C 

1 

Storage Temperature 

Tstg 

-55 ~ 150 

®C 

1 

Soldering Temperature • Time 

Tsolder 

260 • 10 

°C ■ sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 


6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

1 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V± 10%, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling: tpc ~tRC MIN.) 



50 

mA 

3,4 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS V|H, Dout = High Impedance) 



4 

mA 


•CC3 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = V|(-|; tpQ = tpc MIN.) 



40 

mA 

3 

ICC4 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS = V|L, CAS Cycling; tpc =tpc MIN.) 



40 

mA 

3,4 

•l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (OV ^ V||yj ^ 6.5V, 

All Other Pins Not Under Test = OV) 

-10 


10 

UA 


b (L) 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OV ^ Vqut ^+5.5V) 

-10 


10 

fJiA 


Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut ~ —5mA) 

2.4 



V 


Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 



0.4 

!- 

V 
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TOSHIBA 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = 0 ~ 70°C) (Notes 5,6, 7) 


SYMBOL 

PARAMETER 

TMM4164AP-12 

TMM4164AP-15 

TMM4164AP-20 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Ranijom Read or Write Cycle Time 

220 


260 


330 


ns 


tRWC 

Read-Write Cycle Time 

240 


285 


350 


ns 


tRMW 

Read-Modify-Write Cycle Time 

260 


310 


390 


ns 


tpc 

Page Mode Cycle Time 

120 


145 


190 


ns 



Access Time from RAS 


120 


150 


200 

ns 

8 , 10 

tCAC 

Access Time from CAS 


60 


75 


100 

ns 

9, 10 

^OFF 

Output Buffer Turn-Off Delay 

0 

35 

0 

40 

0 

50 

ns 

11 

tj 

Transition Time (Rise and Fall) 

3 

35 

3 

35 

3 

50 

ns 

6 

tRP 

RAS Precharge Time 

90 


100 


120 


ns 


tRAS 

R^ Pulse Width 

120 

10,000 

150 

10,000 

200 

10,000 

ns 


tRSH 

RAS Hold Time 

60 


75 


100 


ns 


^CSH 

CAS Hold Time 

120 


150 


200 


ns 


tCAS 

CAS Pulse Width 

60 

10,000 

75 

10,000 

100 

10,000 

ns 


tRCD 

RAS to CAS Delay Time 

25 

60 

25 

75 

30 

100 

ns 

12 

tCRP 

CAS to RAS Precharge Time 

0 


0 


0 


ns 


tASR 

Row Address Set-Up Time 

0 


0 


0 


ns 


tRAH 

Row Address Hold Time 

15 


15 


20 


ns 


tASC 

Column Address Set-Up Time 

0 


0 


0 


ns 


tCAH 

Column Address Hold Time 

35 


45 


55 


ns 


^AR 

Column Address Hold Time 

Referenced to RAS 

95 


120 


155 


ns 


tRCS 

Read Command Set-Up Time 

0 


0 


0 


ns 


^RCH 

Read Command Hold Time 

0 


0 


0 


ns 


tWCH 

Write Command Hold Time 

35 


45 


55 


ns 


tWCR 

Write Command Hold Time 

Referenced to RAS 

95 


120 


155 


ns 


twp 

Write Command Pulse Width 

35 


45 


55 


ns 


^RWL 

Write Command to RAS Lead Time 

35 


45 


55 


ns 


tCWL 

Write Command to CAS Lead Time 

35 


45 


55 


ns 


^DS 

Data-in Set-Up Time 

0 


0 


0 


ns 

13 

^DH 

Data-In Hold Time 

35 


45 


55 


ns 

13 

^DHR 

Data-In Hold Time Referenced to RAS 

95 


120 


155 


ns 


tcp 

CAS Precharge Time (for Page 

Mode Cycle Only) 

50 


60 


80 


ns 


^REF 

Refresh Period 


2 


2 


2 

ms 


%CS 

Write Command Set-Up Time 

-10 


-10 


-10 


ns 

14 

tCWD 

CAS to WRITE Delay 

40 


50 


60 


ns 

14 

tRWD 

RAS to WRITE Delay 

100 


125 


160 


ns 

14 
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TIMING WAVEFORMS 




'OUT 


OPEN 
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• PAGE MODE READ CYCLE 


tRAS 



• PAGE MODE WRITE CYCLE 
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CAPACITANCE 

(Vcc=5V±10%, f=1MHz, Ta = 0~70“C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

C|i 

Input Capacitance (A© ~ A 7 , Din ) 


4 

5 

pF 

C |2 

Input Capacitance (RAS, CAS, WRITE) 


8 

10 

pF 

Co 

Output Capacitance (Dqut) 


5 

7 

pF 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. Icc 3 , lcC 4 depend on cycle rate. 

4- IcCi. lcC 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200jus is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6 . AC measurements assume tj = 5ns. 

7. V|H (min.) and V|l (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be¬ 
tween V|H and V|i_. 

8 . Assumes that tpco = fRCD (max.). If tpcD is greater than the maximum recommended value shown in this table, tpAC will 
increase by the amount that tpcD exceeds the value shown. 

9. Assumes that tpcD = fRCD (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11 . toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Operation within the tpcD (max.) limit insures that tRAc(max.)can be met. tRCD(max.) is specified as a reference point only; 

1 ^RCD is greater than the specified tpco (max.) limit, then access time is controlled exclusively by tcAC. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
mod ify-write cycles. 

14. twcs< ■^CWD a'^d tpwD am not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twcs = fwcs (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; 

l^CWD = tcWD (min.) and tpwD = ■^RWD (min.), the cycle is a read-write cycle and the data out will contain data read from 
the selected cell; If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter¬ 
minate. 


APPLICATION INFORMATION 
ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TI\/IM4164AP are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply¬ 
ing two negative going TTL-level clocks. _ 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip. The sec¬ 
ond clock, the Column Address Strobe (CAS), subse¬ 
quently latches the 8 colu mn a ddres s bit s into the 
chip. Each of these signals, RAS and CAS, triggers a 
sequence of events which are controlled by different 


delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurence of a 
delayed sig nal d erived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tpAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 
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DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D|n) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, if the WRITE input is brou ght l ow (active) 
prior to CAS, the Qn is strobed by CAS and the set¬ 
up and hold times are re feren ced to CAS. If the input 
data is not available at CAS time or if it is desired 
that the cycle be a read-write cycle,the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this “delayed write cycle" the data 
input set-up and hold t imes are re feren ced to the 
negative edge of WRITE rather than C ^. (T o illus¬ 
trate this feature, D|n is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the “earl y write" cycle dia¬ 
gram shows D|n referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be 'available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dbur) 
of the TMM4164AP is the high impedance (open cir¬ 


cuit) state. That is to say, anytime CAS is at a high 
level, the Dqut will be floating. The only time 
the output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle . Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The “Page-Mode" feature of the TMM4164AP al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address is 
common. This “Page-Mode" of operation will not 
dissipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 row 
address (Aq ~ A^) within each 2 millisecond time 
interval. Although any normal memory cycle will 
perform the refresh operation, this function is most 
easily accomplished with “RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Ices specification. 


OUTLINE DRAWINGS 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi¬ 

nal position with respect to No. 1 and No. 16 leads. 

All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 




262,144 WORD X 1 BIT DYNAMIC RAM 

TMM4 1256C-1 2 


N-CHANNEL SILICON GATE MOS TMM41 256C-1 5 

* This is advance information and specifications 
are subject to change without notice. 


DESCRIPTION 

The TMM41256C is the new generation dynamic 
RAM Organized 262,144 words by 1 bit, it is successor 
to the industry standard TMM4164P. 

The TMM41256C utilizes TOSHIBA'S N-channel 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, 
both internally and to the system user. 

Multiplexed address inputs permit the TMM- 


41256C to be packaged in a standard 16 pin ceramic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing 
capability with high performance logic families such 
as Schottky TTL. 


FEATURES 


• 262,144 words by 1 bit organization 

• Fast access time and cycle time 


DEVICE 

tRAC 

tCAC 

tRC 

TMM41256C-12 

120 ns 

60 ns 

220 ns 

TMM41256C-15 

150 ns 

75 ns 

260 ns 


• Single power supply of 5V ±10% with a built-in 
Vbb generator 

• Low Power: 

330mW Operating (MAX.) (TMM41256C-12) 
275mW Operating (MAX.) (TMM41256C-15) 
27.5mW Standby (Max.) 

PIN CONNECTION (TOP VIEW) 



PIN NAMES 


Aq Ag 

Address Inputs 

CAS 

Colunnn Address Strobe 

D|N 

Data In 

Dout 

Data Out 

RAS 

Row Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 


• Industry standard 16 pin ceramic Dl P 

• Output unlatched at cycle end allows two-dimen¬ 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh. Hidden 
refresh, and Page Mode capability. 

• All inputs and output TTL compatible 

• 256 refresh cycles/4ms 


BLOCK DIAGRAM 


Vcc 


'Vss 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

V|N. Vqut 

-1 ~7 

V 

1 

Power Supply Voltage 

Vcc 

-1 ~7 

V 

1 

Operating Temperature 

Tqpr 

0~70 

"C 

1 

Storage Temperature 

Tstg 

-55~150 

°C 

1 

Soldering Temperature - Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

1 

W 

1 

Short Circuit Output Current 

bUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4,5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 


6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 ] 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0 ~ 70°C) 


SYMBOL 

1 PARAMETER 

MIN. 

MAX. 

i UNITS 

"notes 

bci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling; tRc=tRcMIN.) 

TMM41256C-12 


60 

j- 

mA 

3,4 

TMM41256C-15 


50 

bc2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V|h) 


5 

mA 


•CC3 

___ 1 

REFRESH CURRENT 

/^rage Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = Vm : tRc = tRc MIN.) 

TMM41256C-12 


45 

mA 

3 

TMM41256C-15 


40 

bc4 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(^ = V|L, CAS Cycling ; tpc = tpc MIN.) 

TMM41256C-12 


45 

' 1 

mA 

3,4 

TMM41256C-15 


40 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV ^ V|n ^ 6.5V, 

All Other Pins Not Under Test = OV) 

-10 

10 



b{L) 

OUTPUT LEAKAGE CURRENT 
(CbuT is disabled, OV ^ Vqut ^ +5.5V) 

-10 

10 

1 

HA 


VOH 

OUTPUT LEVEL 

Output "H” Level Voltage (Iqut ^ —5mA) 

2.4 


V 


1 

Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut 4.2mA) 


0.4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = 5V ±10%, Ta = 0 ~ 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TMM41256C-12 

TMM41256C-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

220 

- 

260 

- 

ns 


tRWC 

Read-Write Cycle Time 

240 


285 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

260 


310 

- 

ns 


tpc 

Page Mode Cycle Time 

120 


145 

- 

ns 


tRAC 

Access Time from RAS 

- 

120 


150 

ns 

8 , 10 

tCAC 

Access Time from CAS 

- 

60 

- 

75 

ns 

9, 10 

tOFF 

Output Buffer Turn-Off Delay 

0 

35 

0 

40 

ns 

11 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

6 

^RP 

RAS Precharge Time 

90 

- 

100 

- 

ns 


tRAS 

^ Pulse Width 

120 

10,000 

150 

10,000 

ns 


tRSH 

R^ Hold Time 

60 

- 

75 

- 

ns 


tCSH 

CAS Hold Time 

120 

- 

150 

- 

ns 


tCAS 

CAS Pulse Width 

60 

10,000 

75 

10,000 

ns 


tRCD 

RAS to CAS Delay Time 

25 

60 

25 

75 

ns 

13 

^CRP 

CAS to RAS Precharge Time 

0 

- 

0 

_ 

ns 


tCPN 

CAS Precharge Time 

25 

- 

25 

- 

ns 


tCP 

CAS Precharge Time (for Page Mode 

Cycle Only) 

50 

- 

60 


ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

15 

- 

15 


ns 


tASC 

Column Address Set-Up Time 

0 

- 

0 

~ 

ns 


tCAH 

Column Address Hold Time 

35 

- 

45 


ns 


tAR 

Column Address Hold Time 

Referenced to RAS 

95 

- 

120 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

Referenced to CAS 

0 

- 

0 

- 

ns 

12 

tRRH 

Read Command Hold Time 

Referenced to RAS 

15 

- 

20 

- 

ns 

12 

tWCH 

Write Command Hold Time 

35 

. - 

45 

- 

ns 


tWCR 

Write Command Hold Time 

Referenced to RAS 

95 

- 

120 

- 

ns 


twp 

Write Command Pulse Width 

35 

- 

45 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

35 

- 

45 

- 

ns 


^CWL 

Write Command to CAS Lead Time 

35 

- 

45 

- 

ns 


tDS 

Data-In Set-Up Time 

0 

- 

0 

- 

ns 

14 

tDH 

Data-In Hold Time 

35 


45 j 

- 

ns 

14 

tDHR 

Data-In Hold Time 

Referenced to RAS 

95 

1 

120 1 

1 

- 

ns 


tREF 

Refresh Period 

- 

4 


4 

ms 


twcs 

Write Command Set-Up Time 

-10 

- 

-10 

- 

ns 

15 

tCWD 

CAS to WRITE Delay 

40 

- 

50 

- 

ns 

15 

tRWD 

RAS to WRITE Delay 

100 

- 

125 

- 

ns 

15 
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CAPACITANCE 

(Vcc = 5V ±10%, f = 1MHz, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

C|1 

1 nput Capacitance (Aq ~ Ag, D|n ) 


6 

pF 

C|2 

Input Capacitance (RAS, CAS, WRITE) 


7 

pF 

Co 

Output Capacitance (D^ut) 


7 

pF 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss- 

3- Icci - Ices. Icc4 depend on cycle rate. 

4- Icci - Icc4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ais is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume tj = 5 ns. 

7. V|H (min.) and V|l (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be¬ 
tween V|H and V||_. 

8. Assumes that tpcD ^ ^RCD (max.). If tpcD 'S greater than the maximum recommended value shown in this table, tRAc will 
increase by the amount that tRco exceeds the value shown, 

9. Assumes that tpcD ^ ^RCD (max.) 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

"I "I ■ ^OFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Either tpcH or tpRR must be satisfied for a read cycle. 

13. Operation within the tRco (max.) limit insures that tRAC (max.) can be met. tRco (max.) is specified as a reference point 
only: If tRco is greater than the specified tRco (max.) limit, then access time is controlled exclusively by tcAC. 

14. Thesf parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 

'15. twes- teWD and tRWD not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twes ^ twes (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tewD = ^eWD (min.) and tRWD = ^RWD (min.), the cycle is a read-write cycle or read-modify- 
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

TIMING WAVEFORMS 
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• HIDDEN REFRESH CYCLE 



• PAGE MODE READ CYCLE 



• PAGE MODE WRITE CYCLE 




tAR ^ 




- if - 


- 




« ^RCD " 


tpc 

^CAS 




tCAS 


i 

i 


S J 

^ ^>—4 

_J 

^RAH 

tASR 1 t 

ASC 

tCAH 

1/77777-7 

^ASC 

7777^ 

TTTPr/TTTTT 

tAS^ 

TTTTTf ■^TTSoF 


^CAH 1 1 

^ /7777T 


1 


- Yimim . .mi/. 


m 
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APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 
262,144 cell locations within the Tf\/llVI41256C are 
multiplexed onto the 9 address inputs and latched 
into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS and CAS, 
triggers a sequence of events which are controlled 
by different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited uniti the occurrence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address 
Hold Time specification (tpAH) has been satisfied 
and the address inputs have been changed from Row 
address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (D|n ) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the D|n is strobed by CAS and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desire d that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 


made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re¬ 
ferenced to the negative edge of WRITE rather 
tha n CAS. (To illustrate this feature. Din is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"ea rly w rite" cycle diagram shows Din referenced 
to CAS). 

Data is retrieved from the memory in a read 
cycle by maintaining WRITE in the inactive or high 
state throughout the portion of the memory cycle 
in which CAS is active (low). Data read from the 
selected cell will be available at the output within 
the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) 
of the TMM41256C is the high impedance (open 
circuit) state. This Is to say, anytime CAS is at a 
high level, the Dqut P'n will be floating. The only 
time the output will turn on and contain either a 
logic 0 or logic 1 is at access time during a read cycle. 
DouT will remain valid from access time until CAS 
is taken back to the inactive (high level) condition. 
PAGE MODE 

The "Page-Mode" feature of the TMM41256C 
allows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This 
is done by strobing the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout 
all successive memory cycles in which the row address 
is common. This "Page Mode" of operation will 
not dissipate the power associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 
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REFERSH HIDDEN REFRESH 

Refresh of the dynamic cel I matrix is accomplished An optional feature of the TMM41256C is that 

by performing a memory cycle at each of the 256 refresh cycles may be performed while maintaining 

row address (Ao ~ A?) within each 4 millisecond valid data at the output pin. This is referred to as 

time interval. Although any normal memory cycle Hidden Refresh. Hidden Refresh is performed by 

will perform the refresh operati on, t his funciton is holding CAS at Vil and taking RAS high and after 

most easily accomplished with "RAS - only" cycles, a specified precharge period (tRp), executing a 

RAS only refresh results in a substantial reduction in "RAS - only" refresh cycle, but with CAS held low 

operating power. This reduction in power is reflected (see Figure below), 

in the Icc3 specification. 



This feature allows a refresh cycle to be ''hidden'' among data cycles without affecting the data availability. 


OUTLINE DRAWINGS 



Note: Each lead pitch is 2.54mm. AM leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 16 leads. 

All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without noitce, to change said circuitry. 

© Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD X 4 BIT STATIC RAM 


TMM3I4AP TMM3I4APL 
TMM3I4AP- I TMM3I4APL- I 


N CHANNEL SILICON GATE DEPLETION LOAD I 4AP-3 TMM3 I 4APL-3 


DESCRIPTION 

TMM314AP family is 1024 word x 4 bit high 
speed read write memories operated with 5 V single 
power supply. The memories with 6 Tr. cells are 
static in operation and require no clocks or refresh 
period and suitable for use in microprocessor applica¬ 
tion systems where high performance, low cost, sim¬ 
ple interfacing are important design objectives. 
TMM314AP family is able to be connected to 

FEATURES 

• Fully decoded 1024 word x 4 bit organization 

• Static operation — No clocks or refresh period 

• Single 5V supply voltage — Vcc = 5V ± 10% 

• Easy memory expansion — CS input 

• Three state output — Wired OR tie capability 

• Inputs and outputs directly TTL compatible 

• Data input/output terminal is common 

• Input' protected — All inputs have protection 
against static charge 

• 2114 Type Pin compatible 


TTL directly and to drive 1 STTL or 5 LSTTLS. 

TMM314AP family is fabricated with N channel 
silicon gate depletion load type MOS technology by 
ion implantation for fast speed, stable performance 
and reliability. 

The chip is moulded in the standard 18 pin plastic 
package of 0.3 inch width for low cost and high den¬ 
sity assembly. 


• Low Power dissipation and Access time 


Power and Access time (maximum value) 


Access time 

Power 

TMM314AP-1 200 ns 

550 mW 

TMM314AP-3 300 ns 

TMM314AP 450 ns 

550 mW 

550 mW 

TMM314APL-1 200 ns 

385 mW 

TMM314APL-3 300 ns 

385 mW 

TMM314APL 450 ns 

385 mW 


PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 



PIN NAMES 


Aq ~ Ag. 

Column Address Inputs 

A 4 ~ A 9 

Row Address Inputs 

I/Oi ~I/04 

Data Input/Output 

CS 

Chip Select Input 

WE 

Write Enable Input 

Vcc 

Supply Voltage 

GND 

Ground 



55 











TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Supply Voltage 

-0.5 ~ 7.0 

V 

V|/0 

Input/Output Voltage 

-0.5 ~ 7.0 

V 

topr 

Operating Temperature 

0~70 

®C 

tstg 

1 Storage Temperature 

-55-150 

°C 

tsolder 

Soldering Temperature • Time 

260 ■ 10 

°C . sec 

pd 

Power dissipation (Ta = 70®C) 

850 

mW 


DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 


2.0 

- 

Vcc 

V 

V|L 

Input Low Voltage 


-0.5 

- 

0.8 

V 

Vcc 

Supply Voltage 

- 

4.5 

5 

5.5 

V 


DC CHARACTERISTICS (Ta = 0~70''C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP.* 

MAX. 

UNIT 

l|H 

Input High Current 

V|N =5.50 V 

- 

- 

10 

HA 

1|L 

Input Low Current 

< 

II 

o 

< 

- 

- 

-10 

(jlA 

VOH 

Output High Voltage 

•source =-1.0 mA 

2.4 

2.8 

- 

V 

VOL 

Output Low Voltage 

ISINK =2.1 mA 

- 

0.15 

0.4 

V 

lOH 

Output High Current 

VoUT = 2.4V 

-1.0 

-5.5 

- 

mA 

_lOL 

Output Low Current 

VOUT = 0-4 V 

2.1 

6.5 

- 

mA 

ILO 

Output Leakage Current 

CE = V|H orWE = V|L 

VOUT =0.4 V-Vcc 

- 

- 

±10 

UlA 

icci 

Supply Current 

TMM314A 

PL/PL-1/PL-3 
•out =0 mA 

25®C 

- 

50 

64 

mA 

0°C 

- 

- 

70 

ICC2 

Supply Current 

_J 

TMM314A 

P/P-1/P-3 
•out =0 mA 

25®C 

_ 

70 

90 

mA 

0°C 

- 

- 

100 


• Ta = 25°C, Vcc = 5V 
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AC CHARACTERISTICS (Ta - 0 - TO'C, Vcc * 5V ± 10%, Cl « lOOpE, tr, tf < 10 m) 


READ CYCLE 


SYMBOL 

PARAMETER i 

TMM314AP-1/APL-1 

TMM314AP-3/APL-3 

1 TMM314AP/APL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 1 

MAX. 

tRC 

Read Cycle Time 

o 

o 

CM 

- 

300 


450 

- 

ns 

Ucc 

Access Time 

- 

200 

- 

300 

- 

450 

ns 

ico 

Chip Select Time 

- 

70 

- 

100 

- 

100 

ns 

tcx 

Output Active from CS 

20 

- 

20 

- 

20 1 

- 

ns 

tOD 

Chip Deselect Time 

0 

40 

0 

80 

0 1 

100 

ns 

Iqh 

Output Hold from Address Change 

20 

- 

_ 

- 

20 1 

- 

ns 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TMM314AP-1/APL-1 

TMM314AP-3/APL-3 

TMM314AP/APL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

200 

- 

300 

- 

450 

- 

ns 

twp 

Write Pulse Width 

120 

- 

150 

- 

200 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

tODW 

Output High Z from WE 

0 

40 

0 

80 

0 

100 

ns 

^DS 

Data Setup Time 

120 ! 

- 

150 

-■ 

200 

_ 

ns 

TdH 

Data Hold Tome 

j 0 


0 

- 

0 

- 

ns 

tAW 

Address to Write Setup Time 

30 


30 1 

- 

30 

1 

ns 


CAPACITANCE (Ta = 25‘^C, f = 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = AC Ground 

- 

- 

5 

PF 

CouT 

Output Capacitance 

Yqut ^ AC Ground 

- 

- 

5 

pF 


Note: This parameter is periodically sampled and not 100% tested. 
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TIIVUNG WAVEFORMS 

READ CYCLE 



WRITE CYCLE 



Note 1 : WE is high for a READ CYCLE. 

2 : tyy/p is measured from the latter of CS or WE going low to 
the earlier of CS or WE going high. 
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OUTLINE DRAWINGS 


18 17 16 15 14 13 12 11 10 



123456789 


< 



Notes: Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect to 
No. 1 and No. 18 leads. 


Note: Toshiba does not assume any responsibliity for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Mar., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD X 4 BIT STATIC RAM TMM2I I4AP- I 2 

TMM2I I4AP-I5 


DESCRIPTION 

The TMM2114AP is a 4,096 bits static random 
access memory organized as 1024 words by 4 bits and 
operates from a single 5V power supply. Toshiba's 
high performance device technology provides both 
high speed and low power features with maximum 
operating current of 60mA and maximum access time 
of 120ns/150ns. The memories with 6Tr. cells are 
fully static in operation and require no clocks or 
refresh periods. Therefore the TMM21 MAP is most 


suitable for use in microcomputer peripheral memory 
where high performance, lower cost, simple inter¬ 
facing are required. 

The TMM2114AP is fabricated with N channel 
silicon gate depletion load type MOS technology by 
ion implantation for high speed, high performance 
and high reliability. 

The chip is moulded in the standard 18 pin plastic 
package with 0.3 inch width. 


FEATURES 

• 1024 Word X 4 Bit organization 

• Fully static operation 

• Single 5V supply voltage 

• All inputs and outputs: Directly TTL compatible 

• Three state output: Wired OR capability 

• Common data inputs and outputs 


PIN CONNECTION (TOP VIEW) 


• 2114A type pin compatible 

• Fast Access time and Low Operating Current 
(Max.) 



TM1VI2114AP-12 

TMM2114AP-15 

tACC(ns) 

120 

150 

lcC(mA) 

60 

60 


• Input protected: All inputs have protection against 
static charge. 


AeC 

y 

1 

y - 

18 

3 Vcc 

AsC 

2 

17 

:a7 

A 4 C 

3 

16 

3 As 

A3C 

4 

15 

: A 9 

AqC 

5 

14 

: i/Oi 

AiC 

6 

13 

:i/02 

A2C 

7 

12 

: 1 /O 3 


8 

11 

:i/04 

GNDC 

9 

10 

] WE 


PIN NAMES 


Aq ~ A 3 

Column Address Inputs 

A4 ~ Ag 

Row Address Inputs 

l/Oi ~ I/O 4 

Data Input/Output 

cs 

Chip Select Input 

We 

Write Enable Input 

Vcc 

Supply Voltage 

GND 

Ground 


BLOCK DIAGRAM 



ROW 


MEMORY CELL ARRAY 

DECODER 


64 x64 



r ^ 



COLUMN 

INPUT 

DATA 


INPUT/OUTPUT 

CONTROL 


COLUMN DECODER 


>Vcc 
5 GND 


JIU 

Aq Aj A2 A3 



WE-l-jD— 
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TRUTH TABLE 



WE 

D|N 

Dqut 

MODE 

H 

* 

* 

High Impedance 

Non-decode 

L 

H 

* 

Data Output 

Read 

L 

L 

H/L 

Data Input 

Write 


^ Lor H 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Supply Voltage 

-0.5 ~ 7.0 

V 

V|/o 

Input/Output Voltage 

-0.5 ~ 7.0 

V 

Tqpr 

Operating Temperature 

0~70 


Tstg 

Storage Temperature 

-55-150 


Tsolder 

Soldering Temperature • Time 

260 • 10 

°C • sec 

Pd 

Power Dissipation (Ta = 70°C) 

850 

mW 


DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc+LO 

V 

V|L 

Input Low Voltage 

-0.5 

- 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5 

5.5 

V 


DC CHARACTERISTICS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP.* 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N =0V-5.5V 

-10 

- 

10 

ma 

Vqh 

Output High Voltage 

ISOURCE = -1.0mA 

2.4 

- 

- 

V 

Vql 

Output Low Voltage 

Isink = 2.1mA 

- 

_ 

0.4 

V 

Ilo 

Output Leakage Current 

CS = V|H or WE = ViL 
Vqut = O.OV - 5.5V 

-10 

- 

10 

ma 

Icc 

Supply Current 

Iqut'^O'^A 

- 

- 

60 

mA 


* Ta = 25°C, Vcc = 5V 
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AC CHARACTERISTICS (Ta = 0 -- 70°C, Vcc * 5V ± 10%, 1-TTL Gate & Cl = lOOpF, tr, tf < 10 ns) 


READ CYCLE 


SYMBOL 

PARAMETER 

TMM2114AP-12 

TMM2114AP-15 

UNIT 

MIN. 

TYP.^ 

MAX. 

MIN. 

TYP.* 

MAX. 

^RC 

Read Cycle Time 

120 


- 

150 

- 

- 

ns 

Ucc 

Access Time 

- 

- 

120 

- 

- 

150 

ns 

^CO 

Chip Select Time 

- 

- 

70 

- 

- 

70 

ns 

^CX 

Output Active from CS 

10 

- 

- 

10 

- 

- 

ns 

tOD 

Deselect Time 

0 

- 

35 

0 

- 

40 

ns 

tOH 

Output Hold From Address Change 

20 

- 

!_Z_ 

20 

- 

- 

ns 


* Ta = 25°C, Vcc = 5V 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TMM2114AP-12 

TMM2114AP-15 

UNIT 

MIN. 

TYP.^ 

MAX. 

MIN. 

TYP.* 

MAX. 

Iwc 

'Write Cycle Time 

120 

- 

- 

150 

- 

- 

ns 

twp 

Write Pulse Width 

70 

- 

- 

90 

- 

- 

ns 

IWR 

Write Recovery Time 

0 

- 

- 

0 

- 

- 

ns 

fODW 

Output High Z From WE 

0 

- 

35 

0 

- 

40 

ns 

Ids 

Data Setup Time 

70 

- 

- 

90 

- 

- 

ns 

Idh 

Data Hold Time 

0 

- 

- 

0 

- 

- 

ns 

IaW 

Address to Write Setup Time 

0 

- 

- 

0 

- 

- 

ns 


* Ta = 25°C, Vcc = 5V 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. . 

MAX. 

UNIT 

ClN 

Input Capacitance 

V|N = AC Ground 

- 

- 

5 

PF 

Cqut 

Output Capacitance 

Vqut = AC Ground 

- 

- 

10 

PF 


Note: This parameter is periodically sampled and not 100% tested. 
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TOSHIBA 


TIMING WAVEFORMS 


• READ CYCLE 



• WRITE CYCLE [1] *(1) 




• WRITE CYCLE [2] *(1) 



Note *(1): A write occurs during the overlap of a low CS^ and low WE. 

And twp is specified as the logical 'AND' of CS and WE. 

* (2): If the CS low transition occurs simultaneously with or latter from low transition, the output buffers remain in a high impedan 
state in this period. 


OUTLINE DRAWINGS 






TOSHIBA 


Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 

(c) Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4096 WORD X 1 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 


TMM3I5D 
TMM3 I 5D-1 


DESCRIPTION 

TMM315D/TMM315D-1 are 4096 word x 1 bit 
read write memories operated with 5V single power 
supply. The memories are static in operation and 
require no clocks or refresh period. This device has 
two types in data access - address access and chip 
select access which are equal and very high speed. 
When CS goes high, this device is deselected and 
changes into the low power standby mode automati¬ 
cally, and keep its state during the period that CS is 
high. Accordingly, this device is suitable for use in 

FEATURES 

• Fully decoded 4096 word x 1 bit organization 

• Static operation — No clocks 

• 5V single power supply _ 

• Easy memory expansion — CS input 

• Standby feature — CS = Vih 

• I/O separate 

• Three state output 

• Directly TTL compatible 


PIN CONNECTION (TOP VIEW) 


^CC Ag A7 Ag A9 Ajo All D||si CS 

— — _ — __ __ 



~a — o" 
Ao Ai 

PIN NAMES 

— a — a — n —□— a —a—□— 

Aj A3 A4 As 

Ao ~ As 

Row Address inputs 

Ae ~ Ai 1 

Column Address inputs 

Din 

Data input 

Dout 

Data output 

CS 

Chip select input 

WE 

Write enable input 

Vcc/GND 

Power supply 


larger memory system which the majority of devices 
are deselected, and is suitable for use in cache memo¬ 
ry required very high speed. TMM315D/TMM315D-1 
are directly TTL compatible and its output can drive 
the TTL up to 5: TMM315D/TMM315D-1 are fabri¬ 
cated with N-channel silicon gate depletion load type 
technology for stable and high performance. The 
chip is mounted in the standard 18 pin package of 0.3 
inch width for low cost purpose. 


• Current and Access time (Maximum value) 


PARAMETER 

TMM315D-1 

TMM315D 

Active Current (Max.) 

180 mA 

160 mA 

Standby Current (Max.) 

30 mA 

20 mA 

Address Access time 

55 ns 

70 ns 

Chip select Access time 

55 ns 

70 ns 


• Pin to pin compatible — i2147/i2147-3 

• Inputs protected — All inputs have protection 
against static charge. 

BLOCK DIAGRAM 
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TOSHIBA 


OPERATION MODE 


cs 

WE 

Output 

Power 

Mode 

H 

* 

High-Impedance 

Standby 

Deselected 

L 

H 

Data out 

Active 

Read 

L 

L 

High-Impedance 

Active 

Write 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power supply voltage 

-1.5~7.0 

V 

ViN, OUT 

Input and output voltage 

-1.5~7.0 

V 

Topr 

Operating temperature 

0~70 

°C 

Tstrg 

Storage temperature 

-55 ~ 150 

°C 

Tsolder 

Soldering temperature • time 

260 ■ 10 

®C • sec 

Pd 

Power dissipation {Ta=70°C) 

1.0 

1 W 

lout 

DC output current 

20 

mA 


DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input high voltage 

— 

2.0 

- 

6.0 

V 

ViL 

Input low voltage 

— 

-1.0 

- 

0.8 

V 

Vcc 

Power supply voltage 

— 

4.5 

5.0 

5.5 

V 


DC and OPERATING CHARACTERISTICS 

Ta = 0 ~ 70®C, Vcc = 5.0V± 10%,unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

VoH 

Output high voltage 

Isource = -4.0 mA 

2.4 

- 

- 

V 

VoL 

Output low voltage 

Isink = 8 mA 

- 

- 

0.4 

V 

lOH 

Output high current 

VoH =2.4V 

-4.0 

- 

- 

mA 

lot 

Output low current 

VoL =0.4V 

8.0 

__ 

- 

mA 

ILI 

Input leakage current 

V|N =0 ~ Vcc 

— 

±0.01 

± 10 

ma 

Ilo 

Output leakage current 

VouT =0~4.5V 

ViH orWE =V|L 

- 

±0.1 

±50 

ma 

Icc 

Operating current 

CS = ViL 

output open 

TMM315D 

_ 

_ 

160 

mA 

TMM315D-1 

- 

- 

180 

mA 

ISB 

Standby current 

^ = V|H 
output open 

TMM315D 

- 

- 

20 

mA 

TMM315D-1 

- 

- 

30 

mA 

ISBP 

Peak power on current 

ViH 

during power on 

TMM315D 

- 

- 

50 

mA 

TMM315D-1 

- 

- 

70 

mA 


* Typical values are at Vcc = 5.0V, Ta = 25®C. 
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TOSHIBA 


A.C. CHARACTERISTICS 

Ta = 0~70°C, Vcc = 5V± 10%,unlessotherwise noted. 

• READ CYCLE 


SYMBOL 

PARAMETER 

TMM315D-1 

TMM315D 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read cycle time 

55 

- 

70 

- 

ns 

tACC 

Address access time 

- 

55 

- 

70 

ns 

tCOi 

Chip select access time 1 

- 

55 

- 

70 

ns 

tC02 

Chip select access time 2 

- 

65 

- 

80 

ns 

tOH 

Output hold from address change 

5 

- 

5 

- 

ns 

tLZ 

Chip selection to output in low Z 

10 

- 

10 

- 

ns 

tHZ 

Chip deselection to output in high Z 

0 

40 

0 

40 

ns 

tPU 

Chip selection to power up time 

0 

- 

0 

- 

ns 

tPD 

Chip deselection to power down time 

- 

30 

- 

30 

ns 


• WRITE CYCLE 


SYMBOL 

PARAMETER 

1 TMM315D-1 1 

TMM315D 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write cycle time 

55 

- 

70 

- 

ns 

tew 

Chip selection to end of write 

45 

- 

55 

- 

ns 

tAW 

Address valid to end of write 

45 

- 

55 

- 

ns 

tAS 

Address set up time 

0 

- 

0 

- 

ns 

twp 

Write pulse width 

35 

- 

40 

- 

ns 

tWR 

Write recovery time 

10 

- 

15 

- 

ns 

tDS 

Data set up time 

25 

- 

30 

- 

ns 

tDH 

Data hold time 

10 

- 

10 

- 

ns 

tODW 

Write enable to output in high Z 

0 

30 

0 

35 

ns 

two 

Output active from end of write 

0 

- 

0 

- 

ns 


• AC TEST CONDITIONS 



Fig. 1 Output load 


Input pulse levels 

0 ~ 3.5V 

Input rise and fall times 

10 ns 

j Input and output timing reference levels 

1.5V 

1 Output load 

See Fig. 1 


CAPACITANCE (Ta * 25^C, f = 1.0 MHz) 


SYMBOL 

PARAMETER 

MAX. 

UNIT 

CiN 

Input capacitance 

5 

PF 

COUT 

Output capacitance 

7 

PF 


This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


TIMING WAVEFORMS 



READ CYCLE 2. (WE = V|h) (1) 



N ote: (1) 
(2) 


Addresses are to valid prior to or coincident with CS transition low. 

tcol: Chip is deseiected for a time that is greater than 55 ns prior to selection. 

tco2 • Chip is deseiected for a time that is less than 55 ns prior to selection. 


OUTLINE DRAWINGS 


Note; 1. Each lead pitch is 2.54 mm. All 
leads are located within 0.25 mm of 
their true iongitudinal position with 
respect to No. 1 and No. 18 leads. 

2. All dimensions are in millimeters. 




Note: Toshiba does not assume any responsibiiity for use of any circuitry described; no circuit patent licenses are impiied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 

©Aug., 1980 Toshiba Corporation 





TOSHIBA MOS MEMOF 

lY PRODUCTS 


2048 WORD X 8 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 

TMM20 1 6P/D 
TMM20I6P- I/D- 1 
TMM20I6P-2/D-2 



DESCRIPTION 

The TMM2016P/D is a 16384-bit static random ac¬ 
cess memory organized as 2048-words by 8 -bits and 
operates from a single 5V power supply. Common 
8 -bit input/output, output enable (OE) and pin-com¬ 
patibility with 2716 type EPROM (TMM323D) allow 
a wide application in microprocessor peripheral 
memory. 

In memory expansion, low power application is 
possible by using the chip select input (CS). When ^ 


IS in V|H level, the device is in low power standby 
mode. 

TMM2016P/D is fabricated with ion implanted N- 
channel silicon gate technology. This technology pro¬ 
vides high performance and high reliability. The 
TMM2016P/D is offered in both standard 24 pin 
plastic and cerdip packages, 0.6 inch in width. 


FEATURES 

• Pin compatible with 2716 type EPROM 

• Single 5V supply — Vcc = 5V ± 10% 

• Access time and current 


Access time (MAX.) 

TMM2016P/D 

150 ns 

TMM2016P-1/D-1 TMM2016P-2/D-2 

100 ns 200 ns 

120mA 140mA 

Operating current (MAX.) 

100mA 

Standby current (MAX.) 

15mA 

15mA 30mA 


• Power down feature — CS 


• Output buffer control — OE 

• Easy memory expansion — CS 

• Static operation — No clock or timing strobe re¬ 

quired 

• Directly TTL compatible — All inputs and outputs 

• Common data input and output 

• Three state outputs — Wired OR capability 

• Inputs protected — All inputs have protection 

against static charge. 


PIN CONNECTION 



PIN NAMES 


SYMBOL 

NAME 

Ao~A3 

Column Address Inputs 

A4~ A-io 

Row Address Inputs 


Chip Select Input 

WE 

Write Enable Input 

CO 

0 

T 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 


BLOCK DIAGRAM 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N, OUT 

Input and Output Voltage 

-0.5 ~ 7.0 

V 

Tqpr. 

Operating Temperature 

0~70 


Tstg. 

Storage Temperature 

-55 ~ 150 

°c 

TsOLDER 

Soldering Temperature-Time 

260.10 

°C ■ sec 

Pd 

Power Dissipation (Ta = 70®C) 

1.0 

W 


D.C. RECOMMENDED OPERATING CONDITIONS {Ta = 0 - 70^0 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.2 

— 

Vcc +1.0 

V 

V(L 

Input Low Voltage 

-0.5 

— 

0.8 

V 

< 

o 

n 

Supply Voltage 

4.5 

5.0 

5.5 

V 


D.C. CHARACTERISTICS (Ta = 0 -- 70"C, Vcc = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N = 0~5.5V 

- 

- 

± 10 

iuA 

•oh 

Output High Current 

Vout-2.4V 

-1.0 

- 

1 

i 

mA 

•OL 

Output Low Current 

Vqut 0-4V 

2.1 

- 

_ 

mA 

Vqh 

Output High Voltage 

•out 

2.4 

- 


V 

O 

> 

Output Low Voltage 

•out ^ 2.1mA 

- 

- 

0.4 

' V 

•lo 

Output Leakage Current 

^ = V|H or = V|L or OE = V|H 
VoUT = 0 ~ Vcc 

- i 


±10 

juA 


Peak Power-on Current 

CS = Vcc 
•out 

. during power on 

TMM2016P/P-1/D/D-1 

_ 

■-1 

30 

mA 

•SBP 

TMM2016P-2/D-2 

- 

- 

45 

mA 

•sB 

Standby Current 

I 

> 

II 

|co 

lo 

TMM2016P/P-1/D/D-1 

- 

- 

15 

mA 

•out ~ 0mA 

TMM2016P-2/D-2 

- 

- 

30 

mA 



^ = V,L 
•out “ 0mA 

TMM2016P/D 

- 

- 

100 

mA 

•cc 

Operating Current 

TMM2016P-1/D-1 

- 

- 

120 

mA 


1 

TMM2016P-2/D-2 

- 

- 

140 

mA 


‘Note: Ice exceeds 130 maximum during power on. A pull-up resistor to Vcc on input is required to keep the device deselected; otherwise, 

power-on current approaches Ice active. 


* CAPACITANCE (Ta = 25"C, f = 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

V||\| = A.C. Ground 

5 

PF 

COUT 

Output Capacitance 

VouT = A.C. Ground 

10 

PF 


* Note; This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5V ± 10%) 

READ CYCLE 


SYMBOL 

PARAMETER 

TMM2016P/D 

TMM2016P-1/D-1 

TMM2016P-2/D-2 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Read Cycle Time 

150 

- 

100 

- 

200 

- 

ns 

Ucc 

Address Access Time 

- 

150 

- 

100 

- 

200 

ns 

^CO 

Chip Select Access Time 

- 

150 

- 

100 

- 

200 

ns 

^OE 

Output Enable Time 

- 

55 

- 

35 

- 

55 

ns 

tOH 

Output Hold Time from Address Change 

10 

- 

10 

- 

10 

- 

ns 

tCLZ 

Output in Low-Z from CS 

10 

- 

10 


10 

- 

ns 

tCHZ 

Output in High-Z from CS 

- 

55 

- 

40 

- 

55 

ns 

-■■■- -^ 

tOLZ 

Output in Low-Z from OE 

5 

- 

5 

- 

5 

- 

ns 

tOHZ 

Output in High-Z from OE 

- 

50 


35 

- 

50 

ns 

tpu 

Chip Selection to Power up Time 

0 

- 

0 

- 

0 

- 

ns 

tPD 

Chip Deselection to Power down Time 

-1 

. _1 

60 

_ 

50 

- 

60 

ns 


WRITE CYCLE 


SYMBOL 

PARAMETER 

! TMM2016P/D 

1 TMM2016P-1/D1 

TMM2016P-2/D-2 

UNIT 

MIN. 

MAX. 

MIN. i 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

150' 


100 

- 1 

200 

- 

ns 

lew 

Chip Selection to End of Write 

120 

- 

90 


150 

- 

ns 

Us 

Address Set up Time 

20 

- 

20 

- 

20 

- 

ns 

twp 

Write Pulse Width 

100 

- 

70 

- 

120 

- 

ns 

%R 

Write Recovery Time 1 

10 

- 

10 

- 

10 

- 

ns 

Us 

Data Set up Time 

60 

- 

40 

- 

60 

- 

ns 

Uh 

Data Hold Time 

15 

- 

10 


■15 

-1 

ns 

IWLZ 

Output in Low-Z from WE 

5 

- 

5 


5 

- 

ns 

%HZ 

Output in High-Z from WE 

_Z_ 1 

50 

- 

35 

- 

50 

ns 


A.C. TEST CONDITIONS 


Input Pulse Levels 

0-3.5 V 

Input Rise and Fall Times 

10ns 

Input and Output Timing Reference Levels 

1.5V 

Output Load 

See Note 


Note; Output Load — 1TTL Gate and Ci_ = lOOpF 
(Including scope and jig) 
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TOSHIBA 


TIMING WAVEFORMS 


(A) READ CYCLE (1) 



ADDRESS ^ 

( __ _)( 



— 

1 





Dqut 


OUTPUT DATA VALID 











(C) WRITE CYCLE (1) 




/■ 


^wc 







TOSHIBA 


OUTLINE DRAWINGS 


• Plastic package 


24 23 22 21 20 19 18 17 16 15 14 13 


1 r|i f|i. rp qi, r|i, rp jrp t|t rp r|i. f|T^ 




= 5 


1 

OJ 

3 ^ 

‘"cfr 4r4rL{3rTijTt:'| 

l|j ' L|f 4 j '-43 4j '1-|j 



1 234 56 789 10 11 12 




• Cerdip package 



15.24 ±0.3 


i 


0.25 

15.24 


+0.15 

- 0.10 

-^ 17.78 


1 

ii 


Note; Each lead pitch is 2.54 mm Alt leads are located within 0.25 mm of their true longitudinal position with respect to 
No. 1 and No. 24 leads. 

All dimensions are in millimeters 


Note; Toshiba does not assume any responsibility fofuse of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Oct., 1981 Toshiba Corporation 


PRELIMINARY 

Characteristics are subject to change without notice. 
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TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD X 8 BIT STATIC RAM TMM20I6AP-90 TMM20 I 6AP-I 2 

TMM20 I 6AP- I O TMM20 I 6AP- I 5 


DESCRIPTION 

The TMM2016AP is a 16,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/100ns/ 
120ns/150ns and maximum operating current of 
80mA/65mA/65mA/65mA. When CS is a logical 


FEATURES 

• Access Time and Current 


^\^^Parameter 
Part Numbe^\^^^ 

Access 
Time (Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2016AP-90 

90ns 

80mA 

7mA 

TMM2016AP-10 

100 ns 

65mA 

7mA 

TMM2016AP-12 

120 ns 

65mA 

7mA 

TMM2016AP-15 

150ns 

65mA 

7mA 


high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMI\/12016AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2016AP is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 


• Single 5V Power Supply 

• Fully Static Operation_ 

• Power Down Feature: C S 

• Output Buffer Control; OE 

• Three Stage Outputs 

• All Inputs and Outputs; Directly TTL Compatible 

• Inputs protected: All inputs have prtoection aga¬ 

inst static charge. 


PIN CONNECTION 


A7C 

A6C 

AsC 

A4C 

A3C 

A2II 

AiC 

AoC 

l/OiC 

I/O2C 

I/O3C 

GNDC 


PIN NAMES 


SYMBOL 

NAME 

Ao ~ A 3 

Column Address Inputs 

A 4 ~ Aio 

Row Address Inputs 

CS 

Chip Select Input 

We 

Write Enable Input 

l/Oi ~ l/Og 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 



BLOCK DIAGRAM 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

ViN. Vqut 

Input/Output Voltage 

-0.5 ~ 7.0 

V 

Topr. 

Operating Temperature 

0^70 

°C 

_ 

Storage Temperature 

-55 ~ 150 


Tsolder 

Soldering Temperature • Time 

260 • ro 

°C • sec 

Pd 

Power Dissipation (Ta = 70°C) 

1.0 

W 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

V,L 

Input Low Voltage 

-0.5 

- 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

_1 

V 


D.C. CHARACTERISTICS (Ta = 0 ^ 70°C, Vcc = 5.0V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N = OV ~ 5.5V 

-10 

- 

10 

)UA 

Vqh 

Output High Voltage 

Iqut “ .0mA 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

IquT 2.1mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CS = V|H or WE = V|L or 

OE = V,H, Vqut = OV ~ 5.5V 

-10 

- 

10 

AtA 

ISBP 

Peak Power-on Current 

CS = Vcc, I OUT = 

- 

- 

30 

mA 

•sB 

Standby Current 

CS = V|H, Iqut = OmA 

- 

- 

7 

mA 

Icci 

Operating Current 
TMM2016AP-10/-12/-15 

CS = V|L, Iqut ~ OmA 

- 

- 

65 

mA 

•CC2 

Operating Current 
TMM2016AP-90 

CS = V|L, Iqut ~ 0mA 

_ 

_1 

- 


< 

E 


CAPACITANCE* (Ta = 25^C, f = 1.0 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = A.C. Ground 

5 

PF 

CoUT 

Output Capacitance 

V|N = A.C. Ground 

10 

PF 


* Note; This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5V ± 10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TMM2016AP-90 

TMM2016AP-10 

TMM2016AP-12 

TMM2016AP-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

90 

- 

100 

- 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

ns 

tco 

Chip Select Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

ns 

tOE 

Output Enable Time 

- 

35 

- 

35 

- 

50 

- 

55 

ns 

tOH 

Output Data Hold Time from 

Address Change 

10 

- 

10 

- 

10 

- 

10 


ns 

tcLZ 

Output in Low-Z from CS” 

10 

- 

10 

- 

10 

- 

10 


ns 

tCHZ 

Output in High-Z from ^ 

- 

40 

I 

- 

40 

- 

40 

_ 

55 

ns 

^OLZ 

Output in Low-Z from OE 

5 


5 

-1 

5 

- 

5 

- 

ns 

tOHZ 

Output in High-Z from OE 

- 

35 

- 

35 

- 

35 

- 

50 

ns 

tpu 

Chip Selection to Power Up Time 

o' 

- 

0 

- 

0 

- 

0 

- 

ns 

tPD 

Chip Deselection to Power Down Time 

- 

50 

- 

50 

- 

60 

- 

60 

ns 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TMM2016AP-90 

TMM2016AP-10 

TMM2016AP-12 

TMM2016AP-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

90 

- 

100 

- 

120 

- 

150 

- 

ns 

^cw 

Chip Selection to End of Write 

70 

- 

80 

- 

100 

- 

120 

- 

ns 

Us 

Address Set up Time 

20 

- 

20 

- 

20 

- 

20 

- 

ns 

twp 

Write Pulse Width 

60 

- 

70 

- 

85 

- 

100 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

^DS 

Data Set up Time 

35 

- 

40 

- 

50 

- 

60 

- 

ns 

^DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

Ulz 

Output in Low-Z from WE 

5 

1 

- 

5 

- 

5 ' 

- 

5 

1 

ns 

IWHZ 

Output in High-Z from WE 


25 

- 

30 

- 

35 

- 

50 

ns 


A.C. TEST CONDITIONS 


Input Pulse Levels 

0 ~ 3.5V 

Input Rise and Fall Time 

10 ns 

Input and Output Reference Levels 

1.5V 

Output Load 

1 TTLGate& Cl = lOOpF 
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Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = V|l in read cycle [1]. 

(2) All address are valid perior to or simultaneously with CS transistions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transistion occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tcLZ.toLZ.tWLZ .Output Enable Time 


(B) tcHZ. toHZ. twHZ.Output Disable Time 
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TOSHIBA 


OUTLINE DRAWINGS 


Unit: mm 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 
longitudinal position with respect to No. 1 and No. 24 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 

© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD X 8 BIT STATIC RAM TMM20I5AP-90 TMM20 I SAP-I 2 

TMM20I5AP-I0 TMM20 I SAP-I 5 


DESCRIPTION 

The TMM2015AP is a 16,384 bits high speed 
and low power static random access memory 
organized as 2,048 words by 8 bits and operates 
from a single 5V supply. Toshiba's high performance 
device technology provides both high speed and low 
power features with a maximum access time of 90ns/ 
100ns/120ns/l50ns and maximum operating current 
of 80mA/65mA/65mA/65mA. When CS is a logical 


high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2015AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM201 BAP 
is fabricated with ion implanted N channel silicon 
gate MOS technology for high performance and high 
reliability. 


FEATURES 


• Access Time and Current 


^\^^Parameter 

Part Numbers. 

Access 
Time (Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2015AP-90 

90ns 

80mA 

7mA 

TMM2015AP-10 

100 ns 

65mA 

7mA 

TMM2015AP-12 

120 ns 

65mA 

7 mA 

TMM2015AP-15 

150ns 

65mA 

7mA 


PIN CONNECTION 


• High Density Assembly Capability: 

0.3 inch package 
(24 pins plastic DIP) 

• Single 5V Power Supply 

• Fully Static Operation_ 

• Power Down Feature; CS 

• Output Buffer Control; OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs protected: All inputs have protection 

against static charge. 


A 7 EI 24lVcc 

A 6 C 2 23 □ As 

AsC 3 22 □A 9 

A 4 C .4 21 DWE 

A 3 C 5 - 20 □ OE 

A 2 C 6 !i! 19 □ Aio 

A 1 II 7 > 18 DCS 

AoCs g 17 □ I/Os 

l/OiCg 16 31/07 

I/O 2 C 10 15 31/06 

i/Oscn 1431/05 

GNDC 12 13 31/04 


PIN NAMES 

SYMBOL 

NAME 

Aq ~ A3 

Column Address Inputs 

A4 ~ Aio 

Row Address Inputs 

CS 

Chip Select Input 

WE 

Write Enable Input 

l/Oi ~ I/Os 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (bV) 

GND 

Ground 


BLOCK DIAGRAM 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N. VouT 

Input/Output Voltage 

-0.5 ~ 7.0 

V 

Topr. 

Operating Temperature 

0~70 

°C 

^stg. 

Storage Temperature 

-55~150 

°C 

Tsolder 

Soldering Temperature • Time 

260* 10 

°C • sec 

Pd 

Power Dissipation (Ta = 70°C) 

0.7 

W 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0--70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc+1 -0 

V 

V|L 

Input Low Voltage 

-0.5 

- 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


D.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5.0V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N =0V~5.5V 

-10 

- 

10 

HA 

Vqh 

Output High Voltage 

Iqut = -1.0mA 

2.4 

- 

__ 

V 

VoL 

Output Low Voltage 

Iqut ~ 2.1 mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CS= V|H orWE = V|L or 

OE = V|H, Vout = 0V~5.5V 

-10 

- 

10 

ma 

ISBP 

Peak Power-on Current 

CS = Vcc, Iqut “ 

- 

- 

30 

mA 

•sB 

Standby Current 

CS = V|H, Iqut 

- 

- 

7 

mA 

■cci 

Operating Current 
TMM2015AP-10/-12/-15 

CS = V||_, louT ~ 0mA 

- 

- 

65 

mA 

ICC2 

Operating Current 
TMM2015AP-90 

CS = V|L, loUT “ 0mA 

- 

- 

80 

mA 


CAPACITANCE* (Ta = 25°C, f = 1.0 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = A.C. Ground 

5 

pF 

CoUT 

Output Capacitance 

V|N = A.C. Ground 

__I 

pF 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5V ± 10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TMM2015AP-90 

TMM2015AP-10 

TMM2015AP-12 

TMM2015AP-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

90 

- 

100 

- 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

ns 

tco 

Chip Select Access Time 

- 

90 

- 

100 

- 

120 

- 

150 

ns 

tOE 

Output Enable Time 

- 

35 


35 

- 

50 

- 

55 

ns 

tOH 

Output Data Hold Time from 

Address Change 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

tCLZ 

Output in Low-Z from CS" 

10 

- 

10 


10 

- 

10 

- 

ns 

1^CHZ 

Output in High-Z from CS^ 

- 

40 


40 

- 

40 

- 

55 

ns 

tOLZ 

Output in Low-Z from OE 

5 

- 


- 

5 

- 

5 

1 

ns 

tOHZ 

Output in High-Z from OE 

1 

35 


35 

- 

35 

- 

-1 

50 

ns 

tpu 

Chip Selection to Power Up Time 

0 1 

- 

0 

- 

0 

- 

0 

-! 

■“ 

ns 

tPD 

Chip Deselection to Power Down Time 

- 1 

_ 1 

50 

- 

50 

- 

60 

- 

60 

ns 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TMM2015AP-90 

TMM2015AP-10 

CM 

ol 

< 

lO 

o 

CM 

5 

TMM2015AP-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

90 


100 


120 

- 

150 

- 

ns 

^CW 

Chip Selection to End of Write 

70 


80 


100 

— 

120 

- 

ns 

^AS 

Address Set up Time 

20 

- 

20 


20 

- 

20 

- 

ns 

twp 

Write Pulse Width 

60 

- 

70 

- 

85 

- 

100 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

tDS 

Data Set up Time 

35 

- 

40 

- 

50 

- 

60 

- 

ns 

^DH 

Data Hold Time 

0 


0 

- 

0 

- 

0 

- 

ns 

tWLZ 

Output in Low-Z from WE 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

tWHZ 1 

Output in High-Z from WE 

- 

25 

- 

30 

- 

35 

- 

~50 

ns 


A.C. TEST CONDITIONS 


Input Pulse Levels 

0~3.5V 

Input Rise and Fall Time 

10 ns 

Input and Output Reference Levels 

1.5V 

Output Load ; 

1 TTLGate& Cl = lOOpF 
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TOSHIBA 


TIMING WAVEFORMS 


(A) READ CYCLE [1] 



tACC 


HIGH IMPEDANCE 


OUTPUT DATA VALID 


. HIGH IMPEDANCE 


(B) READ CYCLE [2] 




TOSHIBA 



Note; (1) The WE is high for read cycle. 

Device is continuously selected, CS = V|l in read cycle [1]. 

(2) All addresses are valid prior to. or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a,high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tcLZ-^OLZ. twLZ .Output Enable Time 


(B) tcHZ. toHZ- tWHZ...Output Disable Time 
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TOSHIBA 


OUTLINE DRAWINGS 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 
longitudinal position with respect to No. 1 and No. 24 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 

© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2,048 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS PROCESS 

DESCRIPTION 

The TMM2018D is a 16,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 45ns/55ns 
and maximum operating current of 150mA. When 
CS goes high, the device is deselected and placed in 
a low power standby mode in which maximum 
standby current is 20mA. 


TMM20I8D-45 

TMM20I8D-55 


Thus the TMM2018D is most suitable for use in 
cache memory and high speed storage. The TMM- 
2018D is offered in 24 pin standard cerdip package 
with 0.3 inch width for high density assembly. 

The TMM2018D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 


FEATURES 

• Fast access time 

tACC = 45 ns : TMM2018D-45 
tACC = 55 ns ; TMM2018D-55 

• Low power dissipation 

Ice 150mA 
IsB = 20mA 

• Single 5V power supply 

• Fully static operation 


• All inputs and outputs 

Directly TTL compatible 

• Power down feature: CS = V|h 

• Output buffer control; OE 

• Three state outputs 

• Inputs protected; All inputs have protection aga¬ 

inst static charge. 

• Package; 24 pin standard cerdip package, 0.3 inch 

width 


PIN CONNECTION 


BLOCK DIAGRAM 



PIN NAMES 


Ao ~ Ai 0 

Address Inputs 

l/Oi ~ l/Og 

Data Input/Output 

CS 

Chip Select Input 

WE 

Write Enable Input 

OE 

Output Enalbe Input 

Vec 

Power (-1-5V) 

^ N-i r\ _ . 

__ _ 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-3.5 ~ 7.0 

V 

V|N 

Input Voltage 

-3.5 ~ 7.0 

V 

V|/o 

Input/Output Voltage 

-3.5 ~ 7.0 

V 

Topr 

Operating Temperature 

0~70 

°C 

Tstrg 

Storage Temperature 

-55~150 

°C 

Tsolider 

Sobering Temperature • Time 

260 • 10 

®C • sec 

Pd 

Power Dissipation 

0.9 

W 

■out 

D.C. Output Current 

20 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc + 1 -0 

V 

V|L 

Input Low Voltage 

-3.0 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

4.75 

5.0 

5.25 

V 


D.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = BV ±5%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

l|L 

Input Current 

V|N = 0 ~ Vcc 

- 

±10 

^A 

Vqh 

Output High Voltage 

Iqh = -4.0mA 

2.4 

- 

V 

Vql 

Output Low Voltage 

Iql = 8.0 mA 


0.4 

V 

■lo 

Output Leakage Current 

VouT = 0 ^ Vcc 

CS =V|H 


±50 

HA 

Icc 

Operating Current 

CS=V,L 

- 

150 

mA 

■sB 

Standby Current 

CS=V,H 

- 

20 

mA 

ISBP 

Peak Power-on Current 

CS = Vcc, Vcc =0~ 5.5V 

- 

40 

mA 


CAPACITANCE* (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

< 

z 

II 

O 

< 

5 

PF 

CoUT 

Output Capacitance 

Vqut ~ OV 

10 


*Note: This parameter is periodically sampled and is not 100% tested.; 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = 0 ~ TO^C, Vcc = 5V ±5%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2018D-45 

TMM2018D-55 

UNI T 

Min. 

Max. 

Min. 

Max. 

tpc 

Read Cycle Time 

45 


55 


ns 

^ACC 

Address Access Time 


45 


55 

^CO 

Chip Select Access Time 


45 


55 

tOE 

Output Enable to Output Valid 


20 


25 

tCLZ 

Chip Selection to Output in Low-Z 

5 


5 


tCHZ 

Chip Deselection to Output in High-Z 

0 

20 

0 

20 

tOLZ 

Output Enable to Output in Low-Z 

0 


0 


tOHZ 

Output Disable to Output in High-Z 

0 

15 

0 

20 

tOH 

Output Data Hold Time 

5 


5 


tpu 

Chip selection to Power Up Time 

0 


0 


^PD 

Chip Deselection to Power Down Time 


30 


30 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2018D-45 

TMM2018D-55 

UNIT 

Min. 

Max. 

Min. 

Max. 

1 :wc 

Write Cycle Time 

45 


55 


ns 

tew 

Chip Selection to End of Write 

40 


50 


tAS 

Address Set up Time 

0 


0 


twp 

Write Pulse Width 

35 


40 


tWR 

Write Recovery Time 

0 


0 


tWLZ 

WE to Output in Low-Z 

0 


0 


tWHZ 

WE to Output in High-Z 

0 

15 

0 

20 

tos 

Data Set up Time 

20 


20 


tpH 

Data Hold Time 

0 


0 

_____i 


A.C. TEST CONDITIONS 


Input Pulse Levels 

0~3.5V 

Input Rise and Fall Times 

5 ns 

Input and Output Timing Reference Levels 

1.5V 

Output Load 

See Fig. 1 



Fig. 1 Output Load 
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TIMING WAVEFORMS 

Read Cycle 1 . (vH = V,h, CS = V|l) 



Read Cycle 2. (WE = V|h , OE = V,l ) 
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CMOS Static Random Access Memories 
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4 KBit CMOS STATIC RAM COMPARISON TABLE 


1Kx4 CMOS STATIC RAM 

Device Number 
Nami 

Mode 

WRITE 

OPERATION 

mode 


Addresses 

l/0i,.4 

Power 

Valid 

Din 

Iddo 

Valid 

Dout 

Iddo 

Fixed 
'H' or 'L' 

High-Z 

Idds 

Transition 

High-Z 

Iddo 


TC5513AP 
R/W Addresses 

L Valid 

H Valid 


All address input circuits are not controlled by CE. 


All address input circuits are controlled by CE. 


Difference in control function 


Aq ° 
I 

Aq • 



Once address transition occur, the device is activated 
independent of CE input levels. 


Only when address transition occur under the 
condition of CE = L, the device is activated. 


Difference in access time from 
address and chip enable 


Address Access time 
Chip Enable Access time 


Address Access time 
Chip Enable Access time 












16 KBit CMOS STATIC RAM COMPARISON TABLE 


PIN CONFIGURATION 




TOSHIBA 




DATA RETENTIOW CHARACTERISTICS (Ta^-SO-Sr) 


SYMBOL 

PARAMETER 

CONDITIONS 

Vdr 

Data Retention Voltage 

OV ^ CE ^ 0.2V 

or 

Vdd-0.2V^ CE^Vdd*<3) 

>DDS 

Data Retention Current 

tCDR 

Chip Deselection to 

Data Retention Time 


tR 

Recovery Time 



Note (1) : Refer to Idds specification in individual data sheet. 
(2) ; Read cycle time. 


TIMING CHART 



Note (3) : For 16K Bit CMOS RAM, Vqd-0.5V S CB ^ Vqq 
D etails are specified in TC5516/1 7/18 data sheets. 


i 
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Min. 

Max. 

UNIT 


2.0 

5.5 

V 


- 

Note (1) 

1 

ma 


0 


MS 


•tpQNote(2) 

- 

MS 


1 . 










TOSHIBA MOS MEMORY PRODUCTS 


256 WORD X 4 BIT CMOS RAM 


TC5501 P/-1 
TC5501 D/-1 


DESCRIPTION 

The TC5501P/D is a fully static read write memory 
organized as 256 words by 4 bits using CMOS tech¬ 
nology. Because of ultra low power dissipation, the 
TC5501P/D can be used as battery operated portable 
memory system and also as a nonvolatile memory 
with battery back up. The TC5501P/D operates from 
a single 5V power supply with a static operation, so 
that the no refresh periods are required. This simpli¬ 
fies the power supply circuit design. 


The three state outputs simplify the memory ex¬ 
pansion making the TC5501P/D suitable for use in a 
microprocessor peripheral memory. Since the mini¬ 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using Toshiba's 
original C^MOS technology, the device circuitry is 
not only simplified but wide operating margin and 
noise margin are also realized. 

The TC5501P/Dis offered in standard 22 pin plastic 
and cerdip packages, 0.4 inch in width. 


FEATURES 


► Low Power Dissipation 

• 55mW (MAX.) STANDBY 

• 83mW (MAX.) OPERATING 

► Single 5V Power Supply 

* Data Retention Voltage 2V to 5.5V 

► Package 

• Plastic DIP ; TC5501P 
■ Cerdip DIP: TC5501D 

PIN CONNECTION 


• Fully static operation 

• Three State Output 

• Input/output, TTL Compatible 

• Access Time 

TC5501P/D ; tACC ^ 450ns (MAX.) 

TC5501P-1/D-1; tACC ^ 650ns (MAX.) 

BLOCK DIAGRAM 


AaC 

A 2 C 

AlC 

AoE 

AsC 

AeC 

A 7 

GNod 




INI 

Dquti 

D|N2[:1 


d9 


i D Vqd 

21: A4 
20 ] R/W 
19 

18 ] OD 
17 ] CE 2 
16 ]DouT4 
15 :D|N4 
14 ]DouT3 
13 3 D|N3 
12 D DouT2 


PIN NAMES 


Ao ^ A 7 

Address Inputs 

R/W 

Read Write Input 

CEi,CE 2 

Chip Enable Inputs 

□ iiMi ~4 

Data Inputs 

DoUTI ~4 

Data Outputs 

OD 

Output Disable Input 

Vdd/gnd 

Power Supply Terminals 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNITS 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

—0.3 ~ Vd0 + 0.3 

V 

Vqut 

Output Voltage 

0 ~ Vdd 

V 

Pd 

Power Dissipation (Ta = 85°C) 

800 

mW 

Tsolder 

Soldering Temperature • Time 

1 260-10 

°C-sec 

Tstg 

Storage Temperature 

-55 ~ 150 

“C 

Topr 

Operating Temperature 

-30 ~ 85 

°C 


DC RECOMMENDED OPERATING CONDITION 


SYMBOL 

parameter 

MIN 1 

TYP. 

MAX. 

UNITS 

Vdd 

Power Supply Voltage 

4.5 

- 

5.5 

V 

V|H 

Input High Level Voltage 

2.2 

- 

Vdd + 0-3 

V 

V|L 

Input Low Level Voltage 

-0.3 

■j 

0.65 

V 

Vdh 

Data Retention Voltage 

2.0 

- . 

5.5 

' V ■ 


DC CHAR ACTE RISTICS (Ta = -30 ~ 85‘“C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP(1) 

MAX. 

UNITS 

l|N 

Input Current 

0 = V|N ^ Vdd 

- 

±0.05 

±1.0 

HA 

Idds 

Standby Current 

Vdd = 2.0V to 5.5V 

CE 2 = 0.2V, Output open 

- 

0.2 

10 

iuA 

boo 

Operating Current 

Vdd = 5.5V, tcYc “ 

~ 

6.2 

15 

mA 

>LO 

i Output Leakage Current 

O^VquT^Vdd 

- 

±0.05 

±1.0 

ma 

Iqh 

Output High Current 

Vdd =4.5V,Voh =2.4V 

-1.0 

-2.0 

- 

mA 

•oL 

Output Low Current 

Vdd = 4.5V, Vql = 0.4V 

2° 

3.0 

- 

mA 


Noted) Ta=25°C Vqq = 5V 


CAPACITANCE (2) (Ta = 25"C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N =0V,f = 1MHz 

_ 1 

5 

10 

pF 

CouT 

Output Capacitance 

VouT =0V,f = 1MHz 

- 

7 


pF 


Note (2) This parameter is periodically sampled and is not 100% tested. 







A.C. CHARACTERISTICS 

• READ CYCLE 


TOSHIBA 


SYMBOL 

PARAMETER 

1 TC5501P/D 

TC5501P-1/D-1 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

450 

- 

650 

- 

ns 

tACC 

Address Access Time 

- 

450 

- 

650 

ns 

tACCI 

CEi Access Time 

- 

400 

- 

600 

ns 

tACC 2 

CE 2 Access Time 

- 

500 

; 

700 

1 - 

ns 

tODO 

OD Access Time 

- 

250 

- 

350 

ns 

^COE 

Output Enable Time 

0 

- 

0 

- 

ns 


Output Disable Time 

0 

130 

0 

150 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

- 

ns 


• WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5501P/D 

TC5501P-1/D-1 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

450 

- 

650 

- 

ns 

tAW 

Address Setup Time 

130 

- 

150 

- 

ns 

tew 

CE 2 Setup Time 

130 

- 

150 

- 

ns 

twp 

Write Pulse Width 

250 

- 

400 

- 

ns 

tDS 

Data Setup Time 

250 

- 

400 

- 

ns 

tpH 

Data Hold Time 

50 

- 

100 

- 

ns 

tWR 

Write Recovery Time 

50 

- 

50 

- 

ns 


A.C.TEST CONDITIONS 

• Output Load : 100 pF + 1 TTL Gate 

• Input Pulse Levels ; 0.45V, 2.4V 

• Timing Measurement Reference Levels 

Input : 0.65V, 2.2V 

Output : 0.65V, 2.2V 

• Input Pulse Rise and Fall Times : lOns 
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TOSHIBA 


Read Cycle 


Write Cycle 1 


Write Cycle 2 


ADDRESS 

CEi 

CE2 

OD 

DOUT 

ADDRESS 

ceT 

CE2 

R/W 

OD 

DOUT 

D|N 

ADDRESS 

CEi 

CE2 

R/W 

OD 

dout 

D|N 




























TOSHIBA 


^WR - Ta 














TOSHIBA 


OUTLINE DRAWINGS 


PLASTIC PACKAGE 

22 21 20 19 18 17 16 15 14 13 12 Unit in mm 



1 23456789 10 11 



CERDIP PACKAGE 


22 21 20 19 18 17 16 15 14 13 12 



123 456789 10 11 



Notes; Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect to 
No. 1 and No. 22 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 

©Mar., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

1024 WORD X 4BIT CMOS RAM TC5047AP- I 

SILICON GATE CMOS TC5047AP-2 


DESCRIPTION 

The TC5047AP is a static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5047AP can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5047AP 
operates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 


FEATURES 

• Low Power Dissipation 
IIOmW (MAX.) STANDBY 
nOmW (MAX.) OPERATING 

• Single 5V Power Supply 

• Data Retention Voltage; 2.0~5.5V 

• 20 PIN Plastic Package 

PIN CONNECTION 

(TOP VIEW) 

A^C 1 

Ao C 2 
A, C 3 
A, I 4 
As E 5 
A4 C 6 
AsC 7 
GNDC 8 
Data I/O, 9 
Data l/OjE 10 


20 g vqd 
19 g A, 

18 g R/W 
17 g CE, 

16 g OD 
15 g CEj 

14 g Ag 
13 g A, 

12 g Data I/O 4 
11 0 Data I/O 3 


PIN NAMES 


Ao~A, 

Address Inputs 

R/W 

Read Write Input 

CE,, CEj 

Chip Enable inputs 

j Data l/ 0,..„4 

Data Input/Output 

OD 

Output Disable Input 

Vdd/GND 

Power Supply Terminals 


The three state outputs simplify the memory 
expahsioh makihg the TC5047AP suitable for use in a 
microprocessor peripheral memory. Since the mihi- 
mum data retehtion voltage is 2V, the battery back 
up system needs Only simple circuit. By using 
Toshiba's original C^ MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5047AP family is moulded in a dual-in-line 
20 pin plastic package, 0.4 inch in width. 


• Static Operation 

• Three State Outputs 

• Input/Output; TTL Compatible 

• Access Time 

TC5047AP-1; t^cc ^ 550ns (MAX.) 
TC5047AP-2; t^cc ^ 800ns (MAX.) 

BLOCK DIAGRAM 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Power Supply Voltage 

P 

CO 

b 

V 

V|N 

Input Voltage 

-0.3 ~ Vdd + 0,3 

V 

VoUT 

Output Voltage 

0 ~ Vdd 

V 

Pd 

Power Dissipation (Ta = 85°C) 

700 

mW 

Tsolder 

Soldering Temperature • Time 

260- 10 

°C • sec 

Tstg 

Storage Temperature 

-55 ~ 150 

°C 

TqpR 

Operating Temperature 

-30 ~ 85 



DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage. 

4.5 

5.0 

5.5 

V 

V|H 

Input High Level Voltage 

Vdd-1-5 

- 

Vdd+0.3 

V 

V|L 

Input Low Level Voltage 

-0.3 


0.6 

V 

Vdh 

Data Retention Voltage 

2.0 

-^- 1 

5.5 

i_V 


DC CHARACTERISTICS {Ta = -30~85°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. d) 

MAX. 

UNIT 

l|N 

Input Current 

OV ^ V|N ^ Vdd 

0 

±0.05 

±1.0 

ma 

Idds 

Standby Current 

Vdd 5.5V 

CE 2 = 0.2V, Output Open 

0 

0.2 

20 

UA 

’ddo 

Operating Current 

Vdd=5.5V, 

0 

10 

20 

mA 

Ilo 

Output Leakage Current 

OV ^ VouT = Vdd 

0 

±0.1 

±5.0 

HA 

'oh 

Output High Current 

Vdd=4.5V, Voh = 2.4V 

-1.0 

-2.0 

- 

mA 

'oL 

Output Low Current 

Vdd =4.5V, Vol = 0.4V 

1.6 

2.0 

- 

mA 

Cj (2) 

Input Capacitance 

f = IMHz 

- 

5 

10 

pF 

Co (2) 

Output Capacitance 

f = 1MHz 

- 

7 

15 

pF 


Noted) Ta=25°C, Vqd = 5V 

Note (2) This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. RECOMMENDED OPERATING CONDITIONS 

• TC5047AP-1 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

Trc 

Read Cycle Time 

Vdd = 4.5 ~ 5.5V 

Cl = lOOpF 

V|H = Vdd -1.5V 
~ Vdd + 0.3V 

V|L =-0.3 ~ 0.6V 

Ta = -30 ~ 85°C 

650 

- 

ns 

-- 

twc 

Write Cycle Time 

650 

- 

ns 

^CES 

CE Setup Time 

20(3) 

- 

ns 

tCEH 

CE Hold Time 

20<3) 

- 

ns 

tpc 

Precharge Time 

100 

- 

ns 


CE Pulse Width 

550 

- 

ns 

twp 

Write Pulse Width 

300 


ns 

t DS 

Data Setup Time 

300 


ns 

tDH 

Data Hold Time 

0 

- 

ns 

tew 

Write Setup Time 

350 

- 

ns 

t RS 

Read Setup Time 

0 

- 

ns 

tRH 

Read Hold Time 

0 

- 

ns 


Note (3) tcES + ^CEH ^ 100 ns 

• TC5047AP-2 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

t RC 

Read Cycle Time 

Vdd = 4.5 ~ 5.5V 

Cl = 100 pF 

V|H = Vdd-1.5V 
-Vdd +0.3V 

V,L = -0.3 ~ 0.6V 

Ta = -30~85°C 

1000 

- 

ns 

twe 

Write Cycle Time 

1000 

- 

ns 

tcES 

CE Setup Time 

20(4) 

- 

ns 

tCEH 

CE Hold Time 

20(4) 

- 

ns 

tpc 

Precharge Time 

200 

- 

ns 

tCE 

^ Pulse Width 

800 

- 

ns 

twp 

Write Pulse Width 

500 

- 

ns 

tDS 

Data Setup Time 

500 

- 

ns 

tDH 

Data Hold Time 

0 

- 

ns 

tew 

Write Setup Time 

550 

- 

ns 

tRS 

Read Setup Time 

0 

- 

ns 

tRH 

Read Hold Time 

0 

- 

ns 


Note (4) tQE 5 + tcEH = 200 ns. 


A.C. CHARACTERISTICS (Ta = -30~85°C) 


• TC5047AP-1 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

tACC 

Access Time 

Vdd =4.5- 5.5V 

- 

- 

550 

ns 

tDIS 

Output Disable Time 

Cl = 100 pF 

- 

- 

100 

ns 

tcOE 

Output Enable Time 

VoH =2.4V, Vol=0.6V 

- 

100 

- ! 

ns 


• TC5047AP-2 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

tACC 

Access Time 

Vdd =4.5- 5.5V 

- 

- 

800 

ns 

tDIS 

Output Disable Time 

Cl = 100 pF 

- 

- 

200 

ns 

tcOE 

Output Enable Time 

VoH =2.4 V,Vol = 0.6V 

- 

200 

- 

ns 
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TOSHIBA 


TIMING WAVEFORMS 

• Read Cycle 


ADDRESS 


CE, 


CE, 


OD 


R/W 


D|/o 


• Write Cycle 


ADDRESS 


CEj 


CEj 


OD 


R/W 


I/O 


V|H 

V|L 






TOSHIBA 


TYPICAL CHARACTERISTICS 


■oh - Ta 











TOSHIBA 


tACC - Vdd 











VqD 



TOSHIBA 

















3.2 MIN. 



Unit in mm 



HQi 
















TOSHIBA MOS MEMORY PRODUCTS 

4096 WORD X 1 BIT CMOS STATIC RAM TC5504AP-2/-3, TC5504APL-2/-3 
SILICON GATE CMOS TC5504AD-2/-3, TC5504ADL-2/-3 


DESCRIPTION 


The TC5504AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
4,096 words by 1 bit using CMOS technology, and 
operates from a single 5-volt supply. 

On chip latches are provided for addresses, data 
input and output, and read write control allowing 
efficient interfacing with microprocessor systems. 

The TC5504AP/AD is a fully CMOS RAM, there¬ 
fore it is suited for use in low power applications 
where battery operation and battery back up for non¬ 


FEATURES 


Standby Current 

]■ TC5504APL/ADL 
1 .OjuA (Max.) at Ta = 60 C J 
20 mA (Max.) : TC5504AP/AD 

Low Power Dissipation : 15mW (Typ.) operating 
Single 5V Power Supply : 5V ± 10% 

Data Retention Supply Voltage : 2 ~ 5.5V 
All Inputs and Output : Directly TTUCompatible 


PIN CONNECTION 


(TOP VIEW) 


volatility are required. Furthermore the TC5504APL/ 
ADL guaranteed a standby current equal to or less 
than IjuA at 60®C ambient temperature. 

The TC5504AP/AD is guaranteed for data reten¬ 
tion at a power supply as low as 2 volts. The TC5504 
AP/AD is directly TTL compatible in all inputs and 
output. 

The TC5504AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inch in width. 


• Access Time 

200ns (Max.): TC5504AP/APL/AD/ADL-2 
300ns (Max.) ; TC5504AP/APL/AD/ADL-3 

• Static Operation 

• On Chip Address Register 

• Three State Output 

• Package 

Plastic DIP : TC5504AP/APL 
Cerdip DIP : TC5504AD/ADL 


BLOCK DIAGRAM 



PIN NAMES 



5 8 
tr 0 

Memory Cell 

Array 

64 X 64 

1 - 1 


DcQ-(>- 

_1_L_ 

Column Decoder and 
Sense AMP. 

- D Q 

C 


■OVdq 

■OGND 


Aq Aj 1 

Address Inputs 

R/W 

Read Write Control Input 

CE 

Chip Enable Input 

D|n 

Data Input 

Dqut 

Data Output 

VdD 

Power 

GND 

Ground 




U U U 

Afe A7 Ag A9 AioAii 
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TOSHIBA 


MAXUVIUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

[ Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3 ~ 7.0 

V 

VqUT 

Output Voltage 

0 ~ Vdd 

V 

Pd 

Power Dissipation 
(Ta = 85°C) 

TC5504AP/APL 

550 ' 

mW 

TC5504AD/ADL 

800 

mW 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C sec 

Tstg 

Storage Temperature 

-55 ~ 150 


Tqpr j 

Operating Temperature 

-30 ~ 85 

°C 


D.C. RECOMIVIENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Vdd = 5V ± 10%, Ta = -30®C to 85®C, unless otherwise noted) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP.d) 

MAX. 

UNIT 

IlL 

Input Leakage Current 

0VSV|n<Vdd 

- 

- 

±1.0 

ma 

1 LO 

Output Leakage Current 

CE = Vdd ~ 0.2V, OV ^ Vqut = Vdd 

- 

- 

±5.0 

fiA 

•oh 

Output High Level Current 

Voh=2.4V 

-1.0 

- 

- 

r 

1 

•OL 

Output Low Level Current 

voL 

2.0 

- 

- 

mA 

•dds 

Standby Current 

Vdd = 2V ~ 5.5V 
^ = Vdd - 0.2V 
other inputs = 

0.2V or Vdd - 0.2V 

TC5504APL 

TC5504ADL 

Ta = 25° C 

- 

- 

0.2 

^A 

Ta - 60°C 

- 

- 

1.0 

TC5504AP 

TC5504AD 

- 

0.05 

20 

ma 

•ddoi 

Operating Current 

1 _^_ 

icycle ~ ImS. Iqut -0mA 

- 

- 

10.0 

mA 

•dD02 

Icycle^ V|h = V dd,V|l =0V, Iout =0mA 

- 

3.0 

5.0 

mA 


Noted) Vdd =5V, Ta =25®C 


CAPACITANCEI2I (Ta = 25°C) 


SYMBOL 

PARAMETER 

CONDITIONS ! 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N=0Vf=1MHz 

- 

4 

8 

PF 

Cqut 

Output Capacitance 

VouT =0V f = IMHz 

- 

5 

10 

PF 


Note (2): This parameter is periodically sampled and is not 100% tested. 


- 118 - 











TOSHIBA 


A,C. CHARACTERISTICS (Vqd = 5V ± 10%, Ta = -30“C to 85®C, unless otherwise noted) 


SYMBOL 

PARAMETER 

TC5504AP-2/APL-2 

TC5504AD-2/ADL-2 

TC5504AP-3/APL-3 

TC5504AD-3/ADL-3 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tpc 

Read Cycle Time 

300 

- 

420 

- 

ns 

twc 

Write Cycle Time 

300 

- 

420 

- 

ns 

^RMWC 

Read Modify Write Cycle Time 

390 


580 

- 

ns 

^AS 

Address Setup Time 

5 

- 

5 

- 

ns 

^AH 

Address Hold Time 

60 

- 

80 

- 

ns 

tpc 

Precharge Time 

80 

- 

100 

- 

ns 

tCEH 

Chip Enable Hold Time 

200 

- 

300 

- 

ns 

tACC 

Access Time 

- 

200 

- 

300 

ns 

too 

Output Disable Time 

- 

70 

- 

100 

ns 

tCOE 

Output Enable Time 

0 

- 

0 

- 

ns 

tRS 

Read Setup Time 

0 

- 

0 

- 

ns 

tRH 

Read Hold Time 

0 

- 

0 


ns 

tws 

Write Setup Time 

0 

- 

0 


ns 

tWH 

Write Hold Time 

60 

- 

80 

1 

ns 

tDS 

Data Setup Time 

5 

- 

5 

- 

_ 1 

ns 

tOH 

Data Hold Time 

60 

- 

80 

1 

ns 

twCH 

Write Enable to CE Hold Time 

80 

- 

150 

_ 

ns 

tMD 

Modify Time 

0 

1 

0 


ns 


A.C. TEST CONDITIONS 

Output Load 100pF + 1TTL Gate 

Input Pulse Levels ; 0.6 ~ 2.4V 

Timing Measurement Reference Levels 
Input 0.8V and 2.2V 

Output 0.8V and 2.2V 

Input Pulse Rise and Fall Times ; 10 ns 
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TOSHIBA 


TIMING WAVEFORMS 

• READ CYCLE 


^AS . . tAH 



UNKNOWN 


• WRITE CYCLE 



□ out _HIGH IMPEDANCE 


• READ MODIFY WRITE CYCLE 



UNKNOWN 






















TOSHIBA 


OUTLINE DRAWINGS 

• PLASTIC PACKAGE 


18 17 16 15 14 13 12 11 10 



Unit in mm 



15 ° 


• CERDIP PACKAGE 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25mm of their longitudinal position 
with respect to No. 1 and No. 18 leads. 

All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 

©Feb., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

1024WORDx4BIT CMOS STATIC RAM TC55 I 3AP-20/TC55 I 3APL-20 
SILICON GATE CMOS TC55 I 3AD-20/TC55 I 3ADL-20 


DESCRIPTION 

The TC5513AP/AD is a 4,096-bit high speed static guaranteed for data retention at power supply volt- 

random access memory organized as 1,024 words by ages as low as 2.0 volt. All inputs and outputs are 

4 bits and operates form a single 5-volt supply. TTL compatible. 

The TC5513AP/AD is a fully CMOS RAM and is The TC5513AP/AD is packaged in a standard 18- 

therefore suited for use in low power applications pin dual-in-line plastic and cerdip package, 0.3 inch 
where battery operation and/or battery back up for width, 
nonvolatility are required. The TC5513AP/AD is 

FEATURES 


• Low Power Dissipation 

27.5m W/MHz (MAX.); Operating 

• Standby Current 


0.2iuA(MAX.) atTa= 25°C 1 
I.OiuA (MAX.)atTa = 60°C J 


TC5513APL/ADL-20 


20 fxA (MAX.) TC5513AP/AD-20 


• Fast Access Time 


tAcc: 200ns (MAX.) 


• Single 5V Power Supply 


• Data Retention Supply Voltage 

2V to 5.5V 

• Fully Static Operation 

• On-chip Address Transition Detector 

• Three State Outputs 

• Inputs and outputs Directly TTL compatible 

• Package 

• Plastic DIP: TC5513AP-20/APL-20 
Cerdip DIP: TC5513AD-20/ADL-20 


PIN CONNECTION (top view) 


BLOCK DIAGRAM 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

I 

o 

00 

b 

V 

V|N 

Input Voltage 

-0.3 ~ 7.0 

V 

V|/o 

I/O Voltage 

—0.3 ~ Vdd 

V 

Pd 

Power Dissipation (Ta =85'*C) 

TC5513AP/APL 

550 

mW 

TC5513 AD/AD L 

800 

mW 

Tsolder 

Soldering Temperature • Time 

260-10 

°C • sec 

Tstg 

Storage Temperature 

-55 ~ 150 

°C 

Tqpr 

Operating Temperature 

-30 ~ 85 j 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

< 

□ 

D 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V,H 

Input High Level Voltage 

2.2 

- 

Vdd + 0.3 

V 

V|L 

Input Low Level Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Ta = -30°C ~ 85°C, Vqd = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP.^ 

MAX. 

UNIT 

l|L 

Input Leakage Current 

OV ^V|N ^ V00 

- 

- 

±1.0 

iUA 

■ LO 

Output Leakage Current 

CE = V,h,0V^V,/o^Vdd 

- 

- 

±1.0 

)UA 

1 OH 

Output High Current 

VoH = 2.4V 

-1.0 

- 

- 

mA 

■OL 

Output Low Current 

VoL = 0.4V 

2.0 

- 

- 

mA 



Vdd =2V~ 5.5V 
^ ^ Vdd -0-2V 

TC5513APL-20 

Ta=25°C 

- 

- 

0.2 

)UA 

1 DDS 

Standby Current 

TC5513ADL-20 

Ta=60°C 

- 

- 

1.0 

HA 



TC5513AP-20, TC5513AD-20 

- 

0.05 

20 

ma 

Iddoi 


^cycle ~ lAtS, IqijT = 

0mA 


- 

5.0 

9.0 

mA 

IdD02 

Operating Current 

tcycle = 1AS, V|H = Vdd- V|i_ = OV, 
JouT'^OmA 

- 

3.0 

5.0 

mA 


Note (1): Vdd =5V, Ta = 25°C 


CAPACITANCE (Ta = 25°C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

§ 

II 

z 

> 

- 

Ui_ 

8 

pF 

0|/o 

Input/Output Capacitance 

< 

II 

o 

< 

- 

5 

10 

pF 


Note (2): This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Vqd = 5V ± 10%, Ta = -30 ~ 85°C) 
• READ CYCLE 


SYMBOL 

PARAMETER 

TC5513AP-20/APL-20 

TC5513AD-20/ADL-20 

UNIT 

MIN. 

MAX. 

^RC 

Read Cycle Time 

200 

- 

ns 

^ACC 

Access Time 

- 

200 

ns 

tco 

CE Access Time 

- 

200 

ns 

^OH 

Output Data Hold Time 

15 

- 

ns 

^DIS 

Output Disable Time 

- 

60 

ns 

tcOE 

Output Enable Time 

5 

- 

ns 


• WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5513AP-20/APL-20 

TC5513AD-20/ADL-20 

UNIT 

MIN. 

MAX. 

^wc 

Write Cycle Time 

200 

- 

ns 

Iaw 

Address Setup Time 

0 

- 

ns 

twp 

Write Pulse Width 

120 

- 

ns 

Ids 

Data Setup Time 

120 

- 

ns 

^DH 

Data Hold Time 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load ; lOOpF + 1 TTL Gate 

• Input Pulse Levels ; 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input : 0.8V, 2.2V 

Output ; 0.8V, 2.2V 

• Input Pulse Rise and Fall Times : 10ns 
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TOSHIBA 


OUTLINE DRAWINGS 

• PLASTIC PACKAGE 




• CERDIP PACKAGE 


18 17 16 15 14 13 12 11 10 




15 ° 


0.25 till, 

8.2 ~ 9.5 


Notes; (1) Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 18 leads. 
All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

Apri., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC55I4AP-2/-3, TC55 I 4APL-2/-3 
TC55I4AD-2/-3, TC55 I 4ADL-2/-3 


DESCRIPTION 

The TC5514AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
1,024 words by 4 bits using CMOS technology, and 
operates from a single 5-volt supply. 

The TC5514AP/AD is compatible with the indus¬ 
try produced NMOS 2114 type 4KRAM, yet offers a 
more than 90% reduction in power of their NMOS 
equivalents. 

The TC5514AP/AD is a fully CMOS RAM, there¬ 
fore it is suited for use in low power applications 
where battery operation and battery back up for 


FEATURES 

• Standby Current 
0.2/iA (Max.) at Ta=25"C 
1 .OjuA (Max.) at Ta=60°C 
20iuA (Max.) 

• Low Power Dissipation : 

• Single 5-volt Supply ; 5V±10% 

• Data Retention Supply Voltage : 2 

• Three State Outputs 

• All Inputs and Outputs : Directly TTL Compatible 


TC5514APL/ADL 

TC5514AP/AD 
15mW (Typ.) operating 

5.5V 


PIN CONNECTION 


nonvolatility are required. Furthermore theTC5514 
APL/ADL guaranteed a standby current equal to or 
less than 1/iA at 60°C ambient temperature is availa¬ 
ble. 

The TC5514AP/AD is guaranteed for data reten¬ 
tion at a power supply as low as 2 volts. The TC5514 
AP/AD is directly TTL compatible in all inputs and 
outputs. 

The TC5514AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inchs in width. 


• Access Time 

200ns (Max.) ; TC5514AP/APL/AD/ADL-2 
300ns (Max.) ; TC5514AP/APL/AD/ADL-3 

• Fully Static Operation 

• On-chip Address Transition Detector 

• Fully Compatible with TMM314AP Family 
(Nch 2114type4KRAM) 

• Package 

Plastic DIP ; TC5514AP/APL 
Cerdip DIP ; TC5514AD/ADL 

BLOCK DIAGRAM 


AeC 1 
AsC 2 

A4|: 3 
AaC 4 
Ao[ 5 
AiC 6 
AiC 7 
CeC 8 
GNdC 9 


18 I]Vdd 

17 ]A7 
legAg 

15 3A9 
14 ] Data \/ 0 \ 
13 DData I/O2 
12 UData I/O3 
11 3Data I/O4 
10 3R/W 


PIN NAMES 


Aq Ag 

Address Inputs 

R/W 

Read Write Control Input 


Chip Enable Input 

Data l/Oi ~ 4 

Data Input/Output 

Vdd/GND 

Power Supply Terminals 



- 131 - 







TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3 ~ 7.0 

V 

V|/^ 

I/O Voltage 

0~Vdd 

V 

Pd 

Power Dissipation 
(Ta = 85°C) 

TC5514AP/APL 

550 

mW 

TC5514AD/AOL 

800 

mW 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C • sec 

Tstg 

Storage Temperature 

-55--150 

*^0 

TqPR 

Operating Temperature 

-30 ~ 85 

“C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Level Voltage 

2.2 

- 

Vdd + 0-3 

V 

V|L 

Input Low Level Voltage 

-0.3 

_ 

!_j 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 


5.5 

V 


D.C. CHARACTERISTICS (Vdd = 5V ± 10%, Ta = —30 ~ 85°C unless otherwise noted.) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. (1) 

MAX. 

UNIT 

l|L 

Input Leakage Current 

OVgViN ^Vdd 

- 

- 

±1.0 

ma 

•lo 

Output Leakage Current 

CE=V|h,0V^ V|/o^Vdd 

- 

- 

±1.0 

HA 

•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vql =0.4V 

2.0 

- 

- 

mA 

•dds 

Standby Current 

Vdd = 2 V ~ 5.5V 

All Inputs = 

0.2V or Vdd - 0 . 2 V 

TC5514APL 

TC5514ADL 

Ta = 25°C 

- 

- 

0.2 

ma 

Ta = 60°C 

- 

- 

1.0 

ma 

tC5514AP 

TC5514AD 

- 

0.05 

20 

M A 

•ddoi 

Operating Current 

tcycle-= 1 ms, Iqut =0mA 

- 

5.0 

9.0 

! mA 

•dD02 

icycle 1 ms, V|h = Vdd , V|l = OV, Iqlit 

- 

3.0 

5.0 


Note ( 1 ): Vdd =5V, Ta = 25°C 


CAPACITANCE® (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

_i 

4 

8 

pF 

C|/o 

Input/Output Capacitance 

< 

o 

II 

o 

< 


5 

10 

PF 


Note (2): This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Vqd = 5V ± io%, Ta = -30 ~ 
• READ CYCLE 


SYMBOL 

PARAMETER 

TC5514AP-2/APL-2 

TC5514AD-2/ADL-2 

TC5514AP-3/APL-3 

TC5514AD-3/ADL-3 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

200 


300 

- 

ns 

Ucc 

Access Time 

- 

200 

- 

300 

ns 

tco 

CE Access Time 

- 

70 

- 

100 

ns 

tOH 

Output Data Hold Time 

15 

- 

20 

- 

ns 

^DIS 

Output Disable Time 

1 _T_ 

60 

_ 

80 

ns 

tCOE 

Output Enable Time 

5 

- 

5 1 

- 

ns 


• WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5514AP-2/APL-2 

TC5514AD-2/ADL-2 

TC5514AP-3/APL-3 

TC5514AD-3/ADL-3 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^WC 

Write Cycle Time 

200 

- 

300 

- 

ns 

^AW 

Address Setup Time 

0 

- 

0 ! 

- 

ns 

twp 

Write Pulse Width 

120 

- 

150 1 

- 

ns 

^DS 

Data Setup Time 

120 

- 

150 

- 

ns 

i:dh 

Data Hold Time 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

■ 

0 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load ; 100 pF + 1 TTL Gate 

• Input Pulse Levels ; 0.6V, 2.4V 

• Tinning Measurement Reference Levels 

Input : 0.8V, 2.2V 

Output ; 0.8V, 2.2V 

• Input Pulse Rise and Fall Times ; 10 ns 
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TIMING WAVEFORMS 


Read Cycle''' 

L_ 1 



ADDRESS 

V|L, 

■V|H V|h" 

STABLE 


tACC 




tCOE 


• Write Cycle 1 (R/W Controlled) 



Write Cycle 2 (CE Controlled) 



(2) If the CE low transition occurs simultaneously with the R/W low transition, the output 


buffers remain in a high impedance state. 
















• dDS (MA) IdDO (I^A) 'dDO (MA) 
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• PLASTIC PACKAGE 

18 17 16 15 14 13 12 11 10 



123456789 





• CERDIP PACKAGE 


18 17 16 15 14 13 12 11 1 



123456 789 



Note; Each lead pitch is 2.54 mm. All leads are located within 0.25mm of their longitudinal position 
with respect to No. 1 and No. 18 leads. 

All dimensions are in millimeters. 


Notes: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 
right, at any time without notice, to change said circuitry. 

©Oct., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


1024 WORD X 4 BIT CMOS RAM 

SILICON GATE CMOS 


TC55I4P 
TC55I4P- I 


DESCRIPTION 

The TC5514P is a full static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5514P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5514P oper¬ 
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 

FEATURES 

• Low Power Dissipation 
110/xW (MAX.) STAND BY 

1 lOmW (MAX.) OPERATING; TC5514P-1 
138mW (MAX.) OPERATING; TC5514P 

• Data Retention Voltage 2V to 5.5V 

• Single 5V Power Supply 

• 18 PIN Plastic Package 


The three state outputs simplify the memory 
expansion making the TC5514P suitable for use in a 
microprocessor peripheral memory. Since the mini¬ 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using 
Toshiba's original C^MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5514P family is moulded in a dual-in-line 
18-pin plastic package, 0.3 inch in width. 

• Full Static Operation 

• Three State Outputs 

• Input/Output TTL Compatible 

• Access Time 

TC5514P ; tAcc = 450ns (MAX.) 

TC5514P-1; tAcc = 650ns (MAX.) 


PIN CONNECTION BLOCK DIAGRAM 

(TOP VIEW) 


A6 C 1 
As c 2 
A4 C 3 
As C 4 
Ao n 5 
Ai C 6 
As C 7 
CE I 8 
GND [ 9 


18]Vdd 

17 ]A 7 
16 ]A 8 
15 ]A 9 
14 ]Data l/Oi 
13 ]Data l/Oj 
12 ]Data I/O 3 
11] Date i /04 
10 ]R/W 


PIN NAMES 


Aq ~ A9 

Address Inputs 

R/W 

Read Write Input 


Chip Enable Input 

Data l/Oi ~4 

Data Input/Output 

Vdd/GND 

Power Supply Terminal 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Q 

Q 

> 

Power Supply Voltage 

-0.3~7.0 

V 

V|N 

Input Voltage 

—0.3~Vdq + 0.3 

V 

Vqut 

Output Voltage 

0~Vdd 

V 

Pd 

Power Dissipation (Ta = 85'’C) 

550 

mW 

TsOLDER 

Soldering Temperature • Time 

260-10 

°C • sec 

TsTG 

Storage Temperature 

-55~150 

°C 

Topr 

Operating Temperature 

-30~85 

'’C 


D.C. RECOMMENDED OPERATING CONDITION 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Level Voltage 

2.2 


Vdd +0.3 

V 

V|L 

Input Low Level Voltage 

-0.3 

- 

0.65 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Ta = -30 ~ B5^C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. (1) 

MAX. 

UNIT 

l|N 

Input Current 

0 ^ V|N ^ Vdd 

- 

±0.05 

±1.0 

aa 

•dds 

Standby Current 

Vdd = 2V to 5.5V 

CE = Vdd -0.2V; Output Open 

Other Inputs = 0.2V or Vdd —0.2V 

- 

0.2 

. 

20 

fiA 

•ddo 

Operating Current 

Vdd - 5.5V, tcYC ~ 1 mS 
Output Open 

TC5514P 

- 

13 

25 

mA 

TC5514P-1 

- 

10 

20 

mA 

Ilo 

Output Leakage Current 

O^VouT —Vdd 

- 

±0.05 

±1.0 

fiA 

Iqh 

Output High Current 

Vdd = 4.5V, VoH =2.4V 

-1.0 

-2.0 

- 

mA 

•oL 

Output Low Current 

Vdd =4.5V, Vql =0.4V 

2.0 

3.0 

- 

mA 

Ci (2) 

Input Capacitance 

f = 1MHz 

- 

5 

10 

PF 

Co (2) 

Output Capacitance 

f = 1MHz 

- 

7 

15 

PF 


Noted) Ta = 25°C Vdd=5V 

(2) This parameter is periodically sampled and is not 100% tested. 
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A.C. RECOMMENDED OPERATING CONDITION 

TC5514P 


SYMBOL 

PARAMETER 

tRC 

Read Cycle Time 

twc 

Write Cycle Time 

twp 

Write Pulse Width 

^DS 

Data Setup Time 

tDH 

Data Hold Time 

tWR 

Write Recovery Time 

tAW 

Address Setup Time 

tOH 

Output Data Hold Time 


MIN. 

MAX. 

UNIT 

450 

- 

ns 

450 

- 

ns 

350 

- 

ns 

200 

- 

ns 

0 

- 

ns 

0 

- 

ns 

30 

- 

ns 

30 

- 

ns 


CONDITIONS 


Vdd = 4.5 ~ 5.5V 
Cl = lOOpF + 1 TTL Gate 
V|H = 2.2 ~ Vdd O-SV 
ViL =-0.3 ~ 0.65V 
Ta = -30 ~ 85°C 


TC5514P-1 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

tRC 

Read Cycle Time 

Vdd =4.5 ~ 5.5V 

Cl = lOOpF + 1 TTL Gate 

V|H = 2.2 ~ Vdd + 0.3V 

V|L =-0.3 ~ 0.65V 

Ta = -30 ~ 85°C 

650 

- 

ns 

twc 

Write Cycle Time 

650 

- 

ns 

twp 

Write Pulse Width 

350 


ns 

^DS 

Data Setup Time 

200 

- 

ns 

tDH 

Data Hold Time 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

ns 

^AW 

Address Setup Time 

50 

- 

ns 

tOH 

Output Data Hold Time 

30 

- 

ns 





TOSHIBA 


A.C. CHARACTERISTICS (Ta = -30 ~ 85°C) 

TC5514P 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

tACC 

Access Time 

Vdd =4.5-5.5V 

Cl = 100 pF 

VoH =2.2V,Vol = 0.65V 

- 

- 

450 

ns 

tco 

CE Access Time 

- 

- 

450 

ns 

tDIS 

Output Disable Time 

- 

- 

150 

ns 

tcOE 1 

Output Enable Time 

20 

150 

- 

ns 


TC5514P-1 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Iacc 

Access Time 

Vdd = 4.5-5.5V 

Cl = 100pF 

VoH = 2.2V, VoL = 0.65V 


. . “ 

650 

ns 

ico 

CE Access Time 



650 

ns 

tDIS 

Output Disable Time 


- 

150 

ns 

tCOE 

Output Enable Time 

20 . 

150 

- 

ns 
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TOSHIBA 


OUTLINE DRAWINGS 


18 17 16 15 14 13 12 11 10 



Unit: mm 



Note: All dimensions are in miiiimeters. Each iead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 18 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 



TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC5BieAP/-a, TC55ieAPL/-2 
TC55ieAD/-2, TC55ieADL/-2 
TC55ieAF/-2, TC55I6AFL/-2 


DESCRIPTION 


The TC5516AP/AD/AF is' a 16384-bit static 
random access memory organized as 2048 words by 8 
bit using CMOS technology, and operates from a 
single 5 volt supply. 

The TC5516AP/AD/AF is featured by two chip 
enable inputs, that is, CEi for fast memory access 
and CE 2 for a minimum standby current mode, and 
is suited for low power application where battery 
operation or battery back up for nonvolatility are 
required. Furthermore the TC5516APL/ADL/AFL 


guaranteed a standby current equal to or less than 
l/iA at 60°C ambient temperature is avialable. 

The TC5516AP/AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5516AP/AD and EPROM can be in 
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica¬ 
tion in microcomputer system, 


FEATURES 

• Standby Current 

0.2iuA (Max.) at Ta = 25°C | TC5516APL/ 
1 .Oju A (Max.) at Ta = 60°C 1 ADL/AFL 
1 .On A (Max.) at Ta = 25°C | TC5516AP/ 
5.0/1 A (Max.) at Ta = 60°C J AD/AF 

• Low Power Dissipation : 200mW (Typ.) 

Operating 

• Single 5V Power Supply : 5V±10% 

• Data Retention Supply Voltage: 2.0 ~ 5.5V 

• Fully Static Operation 


PIN CONNECTION (top view) 


PIN NAMES 


AvC 1 
AeC 2 
ase: 3 
A 4 II 4 
A 3 C 5 
A 2 C 6 
AlC 7 

AoC 8 
l/OiC 9 
I/O2II 
I/O3C 11 
GNDC 12 


10 


24 DVdd 
23 □Ag 
22 □A 9 
21 □ R/W 
20 □ ^2 
19 H Aio 
18 DCEa 

17 □ l/Og 
16 □ I/O 7 
15 □ 1/06 
14 □ I/O 5 
13 □I/O 4 


Ao Ai 0 

Address Inputs 

R/W 

Read/Write Control Input 

^ 1,^2 

Chip Enable Inputs 

l/Oi ~ l/Og 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 


• Access Time 

250ns (Max.): TC5516AP/APL/AD/ADL/AF/AFL 
200ns (Max.): TC5516AP-2/APL-2/AD-2/ADL-2 
A^/A^2 

• Two Chip Enable {CE ^, CE 2 ) for Simple Memory 

Expansion and Battery Back Up. 

• All Inputs and Outputs Directly TTL Compat¬ 

ible 

• Three State Outputs 

• Package 

Plastic DIP : TC5516AP/APL 
CerdipDIP: TC5516AD/ADL 
Plastic FP : TC5516AF/AFL 

BLOCK DIAGRAM cej 
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ABSOLUTE MAXtMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V ~ Vdd + 0-3 

V|/0 

Input/Output Voltage 

-0.3V - Vdd + 0-3 

Pd 

Power Dissipation (Ta = 85°C) 

0.8W(0.45W)* 

TsTG 

Storage Temperature 

-55°C~ 150°C 

Tqpr 

Operating Temperature 

-30^0 ~ 85°C 

Tsolder 

Soldering Temperature • Time 

260°C- 10 sec 


*Plastic FP 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta ■= -SO'^C - SS^C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Ta * -SO'^C ~ SB'^C, Vdd = 5V ±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

0 ^ V|fvj ^ Vdd 

- 

- 

±1.0 

ma 

•lo 

I/O Leakage Current 

CE'j=V|H,OVgV|/oSVDD 

- 

- 

±5.0 

UlA 

Iqh 

Output High Current 

Vqh = 2.4V 

-1.0 

-2.0 

- 

mA 

■oL 

Output Low Current 

VoL = 0.4V 

2.0 

3.0 

- 

mA 

Iddsi 


CEa = 2.2V 

- 

1.0 

3.0 

mA 



CEj = Vdd -0.5V 

TC5516APL/ 

Ta = 25°C 

- 

- 

0.2 




ADL/AFL 

Ta = 60°C 

- 

- 

1.0 


bDS2 

Standby Current 


TC5516AP/ 

AD/AF 

Ta = 25°C 

- 

0.05 

1.0 

juA 



Vdd =2~ 5.5V 

Ta = 60°C 

- 

- 

5.0 





Ta = 85°C 

- 

- 

30 


•ddoi 

Operating Current 

CEj - OV, V|N - V|n/V|L^ louT “ 0mA 

- 

40 

70 

mA 

IdD02 

CE 2 = OV, V|N = Vdd/GND, Iout = 

0mA 

- 

30 

55 


Note: Typical values are at Ta = 25°C, N/qd == 5V. 


CAPACITANCE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

- 

5 

10 

pF 

C|/o 

Input/Output Capacitance 

- 

5 

10 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 ~ 85°C, Vdd = 5V ±10%) 

• Read Cycle 


SYMBOL 

PARAMETER 

TC5516AP-2/APL-2 

TC5516AD-2/ADL-2 

TC5516AF-2/AFL-2 

TC5516AP/APL 

TC5516AD/ADL 

TC5516AF/AFL 

— 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Read Cycle Time 

200 

- 

250 

- 

ns 

^ACC 

Access Time 

- 

200 


250 

ns 

tcoi 

to Output Valid 

- 

100 

_ 

100 

ns 

^C02 

CE 2 to Output Valid 

- 

200 


250 

ns 

^COE 

CEi or CE ’2 to Output Active 

10 

- 

10 


ns 


Output High-Z form Deselection 

- 

80 

- 

80 

ns 

tOH 

Output Hold from Address Change 

10 

- 

10 

1 

1 

ns 


• Write Cycle 


SYMBOL 

' 

PARAMETER 

TC5516AP-2/APL-2 

TC5516AD-2/ADL-2 

TC5516AF-2/AFL-2 

TC5516AP/APL 

TC5516AD/ADL 

TC5516AF/AFL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

200 

- 

250 

- 

ns 

twp 

Write Pulse Width 

160 

- 

200 

- 

ns 

^AW 

Addresss Set Up Time 

0 

- 

0 

- 

ns 

%R 

Write Recovery Time 

10 

- 

10 

- 

ns 

tODW 

Output High-Z from R/W 

- 

80 

- 

80 

ns 

toEW 

Output Active from RA'V 

10 

- 

10 

- 

ns 

^DS 

Data Set Up Time 

80 

- 

120 

- 

ns 

tOH 

Data Hold Time 


- 

0 

- 

ns 


A.C. TEST CONDITIONS 

Output Load : 100 pF + ITTL Gate 

Input Pulse Levels ; O.OV, 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V and 2.2V 
Output; 0.8V and 2.2V 
Input Pulse Rise and Fall Times ; 10ns 



- 147 - 














TOSHIBA 


NOTE; (1) R/W is high for a Read Cycle. _ _ 

(2) twP is specified as the logical "AND" of C^, CE 2 and RAN. _ _ 

twp is measured from the latter of CEi, CE 2 or RAV going low to the earlier of CEi, CE 2 or R/W 
going high. _ _ 

(3) tpHi "tos measured from the earlier of CEi, CE 2 or R/W going high. 

(4) If the CEi, or CE 2 low transition occurs simultaneously with or latter from the R/W low transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(5) If the CEi or CE 2 high transition occurs prior to or simultaneously with the R/W high transition 

in a Write Cycle 1, the output buffers remain in a high impedance state in this period. _ 

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEi or 
CE 2 low transition, the output buffers remain in a high impedance state in this period. 

(7) A write occurs during the overlap of a low CEi, low CE 2 and low R/W. In write cycle 2, write is 
controlled by either CEi orCE 2 . 


j DATA RETENTION CHARACTERISTICS (Ta = -30 ~ 85°C) | 

SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 1 

UNIT 

Vqr 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

Idds 

Standby Current 

TC5516APL/ 

ADL/AFL 

Ta = 25° C 

- 


0.2 

juA 

Ta = 60°C 

- 


1.0 

TC5516AP/ 

AD/AF 

Ta = 25°C 

- 

0.05 

1.0 

Ta = 60°C 

- 

- 

5.0 

Ta = 85°C 


= 1 

30 

^CDR 

From Chip Deselection to Data Retention Mode 

1 0 

- 

- 

MS 


Recover Time 

tRC(l) 

i_ Z _ 

- 

MS 


Note (1) tRc : Read Cycle Time. 



Note: (2) If the V|h level of CE 2 is 2.2V, during the period that the Vqq voltage is going down from 4.5V to 2.7V, IsSDI current flows. 
(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.) 
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V|H, V|l(V) Normalized tACC-^COI 
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TYPICAL CHARACTERISTICS 


tACC VS. Vqd 



tcoi VS. VpD 





V|H. V|L vs. Vpp 



V|H, V|LVS- Ta 







V|H. Vdd = 5.5V 
V|L, Vqd ■= 4.5V 






-- 








_ 





-- 

_ 







_ . . 



— 

















-40 0 40 80 

Ta (°C) 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 


1. Difference in dimension between flat and 
standard package. 

Unit : mm 


2. Comparison in occupied space. 



Flat package 

Standard package 

Length 

16.5 

32.4 

Width 

9.0 

14.2 

Lead Pitch 

1.27 

2.54 

Thickness 

1.6 

5 



3. Advantage of this package 

• Small dimensions 

• Capability of High Density Assembly 

• Capability of thin Assembly — Capability of Assembly on both side of PC board. 


4. PC pattern layout example 


CE2 CEi 



- 155 - 











TOSHIBA 


Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

(g) Apr., 1982 Toshiba Corporation 


156 - 



TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC55 I 7AP/-2,TC55 I 7APL/-2 
TC55 I 7AD/-2,TC55 I 7ADL/-2 
TC55 I 7AF/-2.TC55 I 7AFL/-2 


DESCRIPTION 

The TC5517AP/AD/AF is a 16384-bit static ran¬ 
dom access memory organized as 2048 words by 8 
bits using CMOS technology, and operates from a 
single 5 volt supply. 

The TC5517AP/AD/AF is featured by output 
enable and chip enable inputs, that is, OE~ for fast 
memory access and CE for a minimum standby cur¬ 
rent mode, and is suited for low power application 
where battery operation or battery back up for non¬ 


volatility are required. Furthermore the TC5517APL/ 
ADL/AFL guaranteed a standby current equal to or 
less than ljuA at 60°C ambient temperature is avail¬ 
able. 

The TC5517AP/AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5517AP/AD and EPROM can be in¬ 
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica¬ 
tion in microcomputer system. 


FEATURES 

• Standby Current 

0.2iuA (Max.) atTa = 25°C 1 TC5517APL/ 
1.0MA(Max.)atTa = 60°C J ADL/AFL 
1.0MA(Max.)atTa = 25°C I TC5517AP/ 
5.0iuA(Max.)atTa = 60°C J AD/AF 

• Low Power Dissipation : 200m\A/ (Typ.) 

operating 

• Single 5V Power Supply : 5V ± 10% 

• Data Retention Supply Voltage; 2.0 ~ 5.5V 

• Fully Static Operation 

PIN CONNECTION (TOP VIEW) 



PIN NAMES 


■^0 ~ Alo 

Address Inputs 

R/W 

Read/Write Control Input 


Output Enable Input 

CE" 

Chip Enable Input 

l/Oi ~ l/Og 

Data Input/Output 

'Vdd 

Power (-t-5V) 

GND 

Ground 


• Access Time 

250ns (Max.) : TC5517AP/APL/AD/ADL/AF/ 
AFL 

200ns (Max.) : TC5517AP-2/APL-2/AD-2/ 
ADL-2/AF-2/AFL-2 

• Two Control Input (CE, OE) 

• Pin Compatible with Nch Static RAM TMM2016P 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC5517AP/APL 
CerdipDIP : TC5517AD/ADL 
Plastic FP : TC5517AF/AFL 

BLOCK DIAGRAM 


CE 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V~ Vdd+0.3V 

V|/0 

Input/Output Voltage 

-0.3V~ Vdd+0.3V 

Pd 

Power Dissipation (Ta = 85°C) 

0.8W (0.45W)* 

Tstg 

Storage Temperature 

-55°C~ 150°C 

Topr 

Operating Temperature 

-30°C~85°C 

TsOLDER 

Soldering Temperature ♦ Time 

260° C • 10 sec. 


*Plastic FP 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta =-30^C ~ SB'^C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Q 

Q 

> 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd+0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Ta - -30*^C -- 85°C, Vdd = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

0< V|N ^ Vdd 

- 


±1.0 

^A 

Ilo 

I/O Leakage Current 

CE = V,h,0V^V|/o<Vdd 

- 

_ 

±5.0 

liA 

Iqh 

Output High Current 

VoH = 2.4V 

-1.0 

-2.0 

- 

mA 

■OL 

Output Low Current 

VoL = 0.4V 

2.0 

3.0 

- 

mA 

Iddsi 

Standby Current 

CE = 2.2V 

- 

. 1-0 

3.0 

mA 

IdDS2 

CE = Vdd - 0.5V 
Vdd =2~5.5V 

TC5517APL/ 

ADL/AFL 

Ta = 25°C 

- 

~ 

0.2 

juA 

Ta = 60° C 

- 


1.0 

TC5517AP/ 

AD/AF 

Ta = 25°C 

- 

0.05 

1.0 

Ta = 60°C 

- 

- 

5.0 

Ta = 85°C 

1 

- 

30 

•ddoi 

■ Operating Current 

CE - OV, V||\| - V|h/V|l, Iqlit “ 0mA 

- 

40 

70 

mA 

IdD02 

CE = OV, V|(\) = Vqq/GND, Iql/T ~ 0mA 

- 

30 

55 


Note ; Typical values are at Ta = 25'^C, Vdd = 5V. 


CAPACITANCE (Ta = 25^C, f = IMHz) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

0|N 

Input Capacitance 

- 

5 

10 

pF 

0|/O 

Input/Output Capacitance 

- 

5 

10 

pF 


Note ; This parameter'is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 ~ 85°C. Vqd = 5V ± 10%) 


• R ead Cycle 


SYMBOL 

PARAMETER 

TC5517AP-2/APL-2 

TC5517AD-2/ADL-2 

TC5517AF-2/AFL-2 

TC5517AP/APL 

TC5517AD/ADL 

TC5517AF/AFL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Read Cycle Time 

200 

- 

250 

- 

ns 

Ucc 

Access Time 

- 

200 

- 

250 

ns 

^OE 

OE to Output Valid 

- 

100 

- 

100 

ns 

^CO 

CE to Output Valid 

- 

200 

- 

250 

ns 

^COE 

OE or CE to Output Active 

10 

- 

10 

- 

ns 

^OD 

Output High-Z from Deselection 

- 

80 

- 

80 

ns 

^OH 

Output Hold from Address Change 

10 

- 

10 

- 

ns 


• Write Cycle 


SYMBOL 

PARAMETER 

TC5517AP-2/APL-2 

TC5517AD-2/ADL-2 

TC5517AF-2/AFL-2 

TC5517AP/APL 

TC5517AD/ADL 

TC5517AF/AFL 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

200 

- 

250 

- 

ns 

twp 

Write Pulse Width 

160 

- 

200 

- 

ns 

tAW 

Address Set Up Time 

0 

- 

0 

- 

ns 

%R 

Write Recovery Time 

10 

- 

10 

- 

ns 

^ODW 

Output High-Z from R/W 

- 

80 

- 

80 

ns 

^OEW 

Output Active from R/W 

10 

- 

10 

- 

ns 

^DS 

Data Set Up Time 

80 

- 

120 

- 

ns 

Idh 

Data Hold Time 

0 

- 

0 

- 

ns 


A.C. TEST CONDITIONS 

Output Load 
Input Pulse Levels 

Tinning Measurement Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Times 


lOOpF + ITTLGate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 
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NOTE: 


(1) R/W is high for a Read Cycle. 

(2) OE = V|H or V|L. If OE = V|h during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp is specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE of R/W going low to the earlier of CE or R/W going high. 

(4) toH / tos SI'S measured from the earlier of CE of R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 


DATA RETENTION CHARACTERISTICS {Ta =-30 - 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdr 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

TC5517APL/ 

ADL/AFL 

Ta = 25°C 

- 

- 

0.2 

ma 

Ta = 60°C 

- 

- 

1.0 

TC5517AP/ 

AD/AF 

Ta = 25° 

- 

0.05 

1.0 

Ta = 60°C 

_ 

- 

5.0 

Ta = 85°C 

- 

- 

30 j 

tCDR 

From Chip Deselection to Data Retention Mode 

0 

- 

i 

US 

tR 

Recovery Time 

tRCO) 

- 


MS 


Note (1) tpc • Read Cycle Time 



Note (2) If the V| ^ level of CE is 2.2V, during the period that the Vqq voltage is going down from 4.5V to 2.7 V, IODSI current flows. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin com¬ 
pared with conventional standard dual-in-line package. 
Differences are as follows. 

1. Difference in dimension between flat and standard 
package. 

Unit; mm 


3. Advantage of this package 

Small dimensions 

Capability of High Density Assembly 
Capability of thin Assembly-Capability of Assembly on both side of PC board. 

4. PC pattern layout example 



Note: Toshiba d )es not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

©Nov., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC55 I 7BP-20, TC55 I 7BPL-20 
TC55 I 7BD-20, TC55 I 7BDL-20 
TC55 I 7BF-20, TC55 I 7BFL-20 


DESCRIPTION 

The TC5517BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5517BP/BD/BF has a output enable input 
(OE) for fast memory access and output control and 
chip enable input (CE) which is used for device 
selection and can be used in order to achieve the 
minimum standby current mode easily for battery 
back up. 

Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 


FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 

0.2iuA (Max.) at Ta = 25°C | TC5517BPL/ 
I.OmA (Max.) at Ta = 60°C I BDL/BFL-20 
I.OiuA (Max.) at Ta = 25°C 1 TC5517BP/BD/ 
B.OjuA (Max.) at Ta = 60°C J BF-20 

• Single 5V Power Supply : 5V±10% 

• Data Retention Supply Voltage 2.0 ~ 5.5V 

• Fully Static Operation 


PIN CONNECTION 


PIN NAMES 


(TOP VIEW) 


1 24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 


Aq ~ Alo 

Address Inputs 

R/W 

ReadA/Vrite Control Input 

OE 

Output Enable Input 


Chip Enable Input 

l/Oi ~ I/Os 

Data Input/Output 

Vdd 

Power (-t-5V) 

GND 

Ground 


Thus the TC5517BP/BD/BF is most suitable for 
use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5517BPL/BDL/BFL guaranteed a 
standby current equal to or less than ljuA at 60°C 
ambient temperature available. 

And the TC5517BP/BD/BF is pin compatible with 
2716 type EPROM. This means that the TC5517BP/ 
BD/BF and EPROM can be interchanged in the same 
socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system. 


• Fast Access Time 

tACC "" 200ns (Max.) 
toE = 70ns (Max.)_ 

• Output Buffer Control ; OE 

• On-chip Address Transition Detector 

• All inputs and outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP ;TC5517BP/BPL 
Cerdip DIP : TC5517BD/BDL 
Plastic FP ; TC5517BF/BFL 


BLOCK DIAGRAM 
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OPERATION MODE 


MODE 

CE 

OE 

R/W 

Aq ~ Ai 0 

I/O, 

POWER 

Read 

L 

L 

H 

Stable 

Data Out 

boo 

Write 

L 

* 

L 

Stable 

Data In 

•ddo 

Output Deselect 


H 

* 

* 

High Impedance 

boo 

**Standby 

H 

* 

* 

* 

High Impedance 

bos 


Note; *: H or L Data Retention Mode 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V ~ Vdd + 0.3V 

V|/o 

Input/Output Voltage 

-0.3V ~ Vdd + 0.3V 

Pd 

Power Dissipation (Ta = 85°C) 

0.8W (0.45W) ^ 

Tstg 

Storage Temperature 

-55°C~150®C 

Tqpr 

Operating Temperature 

-30°C ~ 85°C 

Tsolder 

Soldering Temperature • Time 

260 °C • 10 sec. 


* Plastic FP = 0.45W 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -30°C ~ 85°C) 


SYMBOL 1 

PARAMETER 

MIN. 1 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 1 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd 0.3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Ta = -30°C ~ 85°C, Vqd = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

0 ^ V|N ^ Vdd 

- 

- 

±1.0 

ma 

bo 

I/O Leakage Current 

CE =V|h,OV<V,/o<Vdd 

- 

- 

±5.0 

fiA 

•oh 

Output High Current 

VoH = 2.4V 

-1.0 

-2.0 

_ 

mA 

bi 

Output Low Current 

Vql = 0.4V 

2.0 

3.0 


mA 

bDSI 


CT = 2.2V 

_ 

1.0 

3.0 

mA 



CE ^ Vdd —0.5V 

TC5517BPL 

Ta=25°C 

- 

- 

0.2 




/BDL/BFL-20 

Ta=60°C 

- 

- 

1.0 


bDS2 

Standby Current 


TC5517BP/ 

BD/BF-20 

Ta=25°C 

- 

0.05 ' 

1.0 

juA 


Vdd = 2 ~ 5.5V 

Ta=60°C 

- 

_ 

5.0 




Ta=85®C 

- 

- 

30 


bDOl 


^cycle ~ 200ns 

V|N=V|h/V|l 

- 

- 

30 


bD02 

Operating Current 

CE = OV, buT ~ 0mA 

V|N =Vdd/GND 

- 

- 

25 

mA 

bDOv3 

bycle ~ 

V|N=V,h/V,l 

- 

- 

10 

bD04 


C& = OV, buT ~ 0mA 

V|N =Vdd/GND 

- 

■ - 

5 



Note: Typical Values are at Ta = 25°C, Vqd = 5V. 


CAPACITANCE (Ta = 25"C, f = 1MHz) 


SYMBOL 

PARAMTER 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

- 

5 

10 

pF 

C|/o 

Input/Output Capacitance 

- 

5 

10 

pF 


Note; This paramter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 - 85°C, Vdd = 5V ± 10% 


• Read Cycle 


SYMBOL 

^RC 

^ACC 

^OE 

^CQ 

^COE 

^QD 

tOH 


_ PARAMETER 

Read Cycle Time 

Access Time _ 

OE to Output Valid 
CE to Output Valid 
OE or CE to Output Active 
Output High-Z from Deselection 
Output Hold from Address Change 


• Write Cycle 


SYMBOL 

%C 

^AW 

%R 

'tpDW 

tpEW 

^DS 

^DH 


_ PARAMETER 

Write Cycle Time 
Write Pulse Width 
Address Set up Time 
Write Recovery Time 
Output High-’z from R/W 
Output Active from RAV 
Data Set up time 
Data Hold Time 


A.C. TEST CONDITIONS 


Output Lpad 
Input Pulse Levels 

Tinning Measurement Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Times 


lOOpF + 1TTL Gate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 


TIMING WAVEFORMS 

• Read Cycled) 


Addresses 


V,L 


tACC 


TOSHIBA 


MIN. 

200 



10 



- 



10 




MIN. 



200 



150 



0 



0 


n 

- 



10 



-90 



0 



^RC 
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Note; (1) R/W is high for a Read Cycle. 

(2) OE = ViH or ViL- If, OE = Vm during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp is specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 

(4) toH, tps are measured from the earlier of CE or R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 


DATA RETENTION CHARACTERISTICS (Ta = -30 ~ 85'^C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdr 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

Idds2 

Standby Current 

TC5517BPL/ 

BDL/BFL-20 

Ta=25°C 

- 

- 

0.2 

iuA 

Ta=60°C 


- 

1.0 

TC5517BP/ 

BD/BF-20 

Ta=25°C 


0.05 

1.0 

Ta=60°C 

- 

- 

5.0 

Ta=85°C 

“ 1 

- 

30 

tCDR 

From Chip Deselection to Data Retention Mode 

0 1 

- 

- 

MS 

tR 

Recovery Time 

tRCd) 1 

- 

- 

MS 


Note (1) tRc ; Read Cycle Time 



gnd-——- 

Note (2) If the V|h level of CE is 2.2V, during the period that the Vqq voltage is going down from 4.5V to 2.7V, 1 ddS 1 current flows. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 

1. Difference in dimension between flat and 2. Comparison in occupied space 


3. Advantage of ,this package 

Small dimensions 

Capability of High Density Assembly 
Capability of thin Assembly-Capability of Assembly on both side of PC board. 

4. PC pattern layout example 


(CE) (OE) 


Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Mar., 198S Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


2048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


TC55 I 8BP-20, TC55 I 8BPL-20 
TC5518BD-20, TC55 18BDL-20 
TC551 8BF-20, TC55 I 8BFL-20 


DESCRIPTION 

The TC5518BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5518BP/BD/BF has two chip enable inputs, 
CEi and CE 2 , which are used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. 
Also the high speed and low power characteristics 
which maximum access time is 200nS and maximum 
operating current is 5mA/MHz are achieved. 

Thus the TC5518BP/BD/BF is most suitable for 

FEATURES 

• Low Power Dissipation 

27.5mW/MFIz (Max.) Operating 

• Standby Current 

0.2iuA (Max.) at Ta = 25 °cl TC5518BPL/ 
1.0MA(Max.) atTa = 60°CjBDL/BFL-20 
I.OmA (Max.) atTa = 25°C]TC5518BP/BD/ 
5.0juA (Max.) at Ta = 60°Cj BF-20 

• Single 5V Power Supply: 5V±10% 

• Data Retention Supply Voltage 

2.0-5.5V 

• Fully Static Operation 

PIN CONNECTION (Top VIEW) 

A7 
A6 
As 

A 4 

A 3 
A2 
Al 
Ao 

l/Oi 
I/O 2 
I/O 3 
GND 


PIN NAMES 


Aq ~ Al 0 

Address Inputs 

R/W 

Read/Write Control Input 

^1,^2 

Chip Enable Inputs 

l/Oi ~ l/Og 

Data Input/Output 

Vdd 

Power (-I-5V) 

GND 

'Ground 


C 1 
C 2 

C 3 
C 4 

C 5 
C 6 

C 7 

C 8 

C 9 
C 10 
C 11 
C 12 


I 3'^dd 
23 DAg 
22 □A 9 
21 □ R/W 
20 □CEi 
19 lAio 

18 3^2 

17 □l/Og 
16 U I/O 7 

3 1/06 

14 □ I/Os 
13 □ I/O 4 


use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5518BPL/ BDL/BFL guaranteed 
a standby current equal to or less than ljuA at 60°C 
ambient temperature available. 

And the TC5518BP/BD/BF is pin compatible with 
2716 type EPROM. This means that the TC5518BP/ 
BD/BF and EPROM can be interchanged in the same 
socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system. 


• Fast Access Time 

tACC = 200ns (Max.) _ 

• Two Chip Enables (CEi , CE 2 ) for Simple 

Memory Expansion and Battery Back Up 

• On-chip Address Transition Detector 

• Ail Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP; TC5518BP/BPL 
CerdipDIP: TC5518BD/BDL 
PlaticFP ; TC5518BF/BFL 

BLOCK DIAGRAM 
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OPERATION MODE 


MODE 

CE 2 

CE, 

R/W 

Ao Ai 0 

I/Oi ~8 

POWER 

Read 

L 

L 

H 

Stable 

Data Out 

■ddo 

Write 

L 

L 

L 

Stable 

Data In 

boo 

** Standby 1 

* 

H 

■ * 

* 

High Impedance 

bos 

** Standby 2 

H 

* 

* 

* ! 

High Impedance 

•dds 


Note; *;HorL **: Data Retention Mode 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V ~ Vdd+0.3V 

V|/o 

Input/Output Voltage 

-0.3V~ Vdd+0.3V 

Pd 

Power Dissipation (Ta = 85°C) 

0.8W (0.45W)* 

Tstg 

Storage Temperature 

-55°C~ 150°C 

Tqpr 

Operating Temperature 

-30°C ~ 85°C 

Tsolder 

Soldering Temperature • Time I 

260°C • 10 sec 


Plastic FP = 0.45W 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -30°C ~ 85"C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Voltage 

2.0 

- 

5.5 

V 


D.C. CHARACTERISTICS (Ta = -30°C ~ 85"C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

. I|L 

Input Leakage Current 

0 < V|(sj < V 00 

- 

- 

± 1.0 

/iA 

bo 

I/O Leakage Current 

Ce J = V|H , OV g V|/o ^ Vdd 

- 

- 

±5.0 

IJ.A 

•oh 

Output High Current 

VoH =2.4V 

- 1.0 

- 2.0 

- 

mA 

■oL 

Output Low Current 

Vni =0.4V 

2.0 

3.0 

- 

mA 

bosi 

Standby Current 

CE, = 2 . 2 VorCE, =2.2V 

- 

1.0 

3.0 

mA 

bDS2 

CE 2 ^V 00 —0.5V or 
CEi^V 00 -0.5V 

Vd0=2~5.5V 

TC5518BPL 

/BDL/BFL-20 

Ta=25°C 

- 

- 

0.2 

mA 

Ta=60°C 

- 

- 

1.0 

IxA 

TC5518BP/ 

BD/BF-20 

Ta=25°C 

- 

0.05 

1.0 

Ta=60°C 

- 

- 

5.0 

Ta=85°C 

- 

- 

30 

bool 

Operating Current 

tcycie = 200ns, CE 1 = 

CE 2 = OV, buT ~ 0mA 

_j 

> 

I 
> 

II 

z 

[> 

- 

- 

30 

mA 

bD02 

V|N = V 00 /GND 

- 

- 

25 

boos 

bD04 

Icyde ~ 1 MS, CE ^ = 

CE 2 = OV, buT ~ 0mA 

V|N = V|h/V|l 

- 

- 

10 

V|N V 00 /GND 

- 

- 

5 


Note; Typical Values are at Ta = 25°C, Vqd = 5V 


CAPACITANCE 


SYMBOL 

PARAMETER 1 

MIN. 

TYP^ 

MAX. 

UNIT 

Qn 

Input Capacitance 

- 

5 

10 

pF 

C|/o 

Input/Output Capacitance 

- 

5 

10 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 SB^’C, Vdd = 5V ± 10%) 

Read Cycle 


TOSHIBA 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

tRC 

Read Cycle Time 

200 

- 

- 

ns 

Ucc 

Access Time 

- 

- 

200 

ns 

^COI 

CE 1 to Output Valid 

- 

- 

200 

ns 

tC02 

CEj to Output Valid 

- 

- 

200 

ns 

tcOE 

or CE’j to Output Active 

10 

- 

- 

ns 

too 

Output High-Z from Deselection 

- 

- 

60 

ns 

tOH 

Output Hold from Address Change 

20 

- 1 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

iwc 

Write Cycle Time 

200 

- 

- 

ns 

tWP 

Write Pulse Width 

150 

- 

- 

ns 

Uw 

Address Set up Time 

0 

- 

- 

ns 


Write Recover Time 

0 

- 

- 

ns 

^ODW 

Output High-Z from R/W 

- 

- 

60 

ns 

tOEW 

Output Active from R/W 

10 

- 

- 

ns 

^DS 

Data Set up Time 

90 

- 

- 

ns 


Data Hold Time 

0 

- 


ns 


A.C. TEST CONDITIONS 


Output Load 
Input Pulse Levels 

Timing Mesurement Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Times 


lOOpF + 1TTL Gate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10 ns 


TIMING WAVEFORMS 


Read Cycle (1) 
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Write Cycle 1. 



D|N 


Write Cycle 2. 


Addresses 


(7) CEj (CEi) 


(7) CEi (CE 2 ) 



R/W 



N( 


tCOE 




IL 
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Note; (1) R/W is high for a Read Cycle. _ _ 

(2) twp is specified as the logicaT'AND'^r CE2 and R/W. _ _ 

t\A/p is measured from the latter of CEl, CE2 or R/W going low to the earlier of CEl, CE2 or 
R/W going high. _ _ 

(3) tDH - "tDS SI'S measured from the earlier of CE1, CE2 or R/W going high. 

(4) If the CE 1, or CE2 low transition occurs simultaneously with or latter from the R/W low tran¬ 
sition in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(5) If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition 

in a Write Cycle 1, the output buffers remain in a high impedance state in this period. _ 

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEl or 
CE2 low transition, the output buffers remain in a hi^impedance state in this period. 

(7) A write occurs during the overlap of a low CE 1, low CE2 and low R/W. 

In write cycle 2, write is controlled by either CEl or CE2. 


DATA RETENSION CHARACTERISTICS (Ta = -30 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Ydr 

Data Retention Power Supply Voltage 

2.0 

- 

5.5 

V 

Idds2 

Standby Current 

TC5518BPL/ 

BDL/BFL-20 

Ta = 25°C 

- 

- 

0.2 

ma 

Ta = 60°C 

-- 

- 

1.0 

TC5518BP/ 

BD/BF-20 

Ta = 25°C 

- 

0.05 

1.0 

Ta = 60°C 

i 

- 

5.0 

Ta = 85°C 

- 

- 

30 

^CDR 

From Chip Deselection to Data Retention Mode 

0 

- 

- 

MS 

^R 

Recover Time 

tRcC) 

- 

- 

MS 


Note(l) tpc : Read Cycle Time 



current flows. 


- 177 - 











TOSHIBA 


OUTLINE DRAWINGS 


• Plastic DIP 


24 232221201918 17 161514 13 

n n n n Q.n n n n n n n 



VI 

_ :§ 



CM 

3 


xj CJTJ cjxircrcrcj u u u u 

1 23456 789 10 11 12 



• Cerdip DIP 



32.4 MAX. 


24 2322 21 20 1918 17 16 15 14 13 

1 

X 

< 

r 

L 


L-1_1_1_1_l—J_^_L_J_1_ lJ 

00 


1 1 1 ■ | i ■ j T v | | rj ■ I I l[j Lj y^ 

1 2345678 9 10 11 12 





15.24 ~ 17.78 


Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudiani position with respect to No. 1 and No.24 leads. 
All dimensions are in millimeters. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 

1. Difference in dimension between flat 2. Comparison in occupied space 

and standard package. 



Unit : mm 



Flat package 

Standard package 

Length 

16.5 

32.4 

Width 

9.0 

14.2 

Lead Pitch 

1.27 ' 

2.54 

Thickness 

1.6 

5 


3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly — Capability of Assembly on'both side of PC board. 

4. PC pattern layout example 


CE2 CEi 


'III ' 

'111 1 

1 -U- 

;i VddLINE 

'1 Hi 




p 

_ 

p p 
k) fo 

U 1 OT 
00 .tk 

il 

00 



' i; ' 


0 1 1 ;; 


1 1 j GND LINE 

13.0 

CEj CEi 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

©Mar., 1983 Toshiba Corporation 

Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 


8192 WORD X 8 BIT CMOS RAM 

SI LICON GATE CMOS 


DESCRIPTION 

The TC5564P is a 65,536-bit high speed static 
random access memory organized as 8,192 words by 
8 bits using CMOS technology, and operates from a 
single 5-volt supply. 

The TC5564P features output enable and chip 
enable inputs, that is, OE for fast memory access and 
CEi, CEz for a minimum standby current mode. 
So it is suited for a high speed, and low power appli¬ 
cations where battery operation and/or battery back 
up for nonvolatility are required. The TC5564P is 
guaranteed for voltage as low as 2.0 volt. Furthermore 
the TC5564PL is guranteed a standby current equal 


TC5564P-10/P-15 
TC5564PL-10/PL-1 5 


to or less than 1 juA at Ta = 60°C ambient temperature 
available. 

The TC5564P also features pincompatibility with 
the 64K bit EPROM (TMM2764D). This means that 
the TC5564P and EPROM can be interchanged in 
the same socket, and flexibility in the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide application in microcomputer 
system. 

The TC5564P is moulded in a dual-in-line 28 pin 
standard plastic package, 0.6 inch width. 


FEATURES 


• Access Time 


• Low Standby Current 

0.2/i A (Max.) at Ta = 25°C 
1.0/Li A (Max.) at Ta = 60°C 

20 mA (Max.) at Ta = 85°C 


|TC5564PL-1Q 

JTC5564PL-15 

|TC5564P-10 

jTC5564P-15 


• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• 5V Single Power Supply 

• 8,192 Word x 8 Bit 

• Fully Static Operation 

• Data Retention Supply Voltage: 2.0 ~ 5.5V 


PIN CONNECTION (TOP VIEW) 


■'■<^5564? 64k bit EPROM 

TC5564PL TMM2764D 



PIN NAMES 


Ao ~ Ai 2 

Address Inputs 

R/W 

Read/Write Control Input 


Output Enable Input 

ml 

n 

rr\ 

Chip Enable Inputs 

l/Oi l/Os 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 
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TC5564P-10 

TC5564PL-10 

TC5564P-15 

TC5564PL-15 

Address Access 

Time (Max.) 

100 ns 

150 ns 

CE^ Access Time 
(Max.) 

100 ns 

150 ns 

CE 2 Access Time 
(Max.) 

100 ns 

150 ns 

Output Enable 

Time (Max.) 

50 ns 

70 ns 


• Directly TTL Compatible; 


All Inputs and Outpus 

• Stndard 28 Pin DIP 

• Pin Compatible with 2764 type EPROM 

BLOCK DIAGRAM 
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OPERATION MODE 


Operation Mode 

CEi 

CE2 

OE 

R/W 

l/Oi ~ l/Og 

Power 

Read 

L 

H ' 

L 

H 

Dqut 

Iddo 

Write 

L 

H 

* 

--L 1 

D|n 

•ddo 

Output Deselect 

L 

H 

H 

* 

High-Z 

boo 

Standby 

H 


* 

-- 

High-Z 

bos 


L 1 


* 

High-Z 

bos 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-2.0 ~ 7.0 

V 

V|/0 

Input and Output Voltage 

—0.5 ~ VpQ +0.5 

V 

Pd 

Power Dissipation 

1.0 

W 

Tsolder 

Soldering Temperature 

260-10 

°C ■ sec 

Tstrg 

Storage Temperature 

-55-150 

“c 

T opr. 

Operating Temperature 

-30 - 85 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd +0.3 

V 

V|L 

Input Low Voltage 

-0.5 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -30 ~ 85°C, Vdd = 5V ±10% Unless otherwise noted) 


SYMBOL 


PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N = 0 - Vdd 

- 

- 

±1.0 

UA 

•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vql = 0.4V 

4.0 

- 

- 

mA 

•lo 

Output Leakage 

Current 

CFi = V|H or CE 2 = V|L or 

R/W = V|L or OE = V|H 

VouT = 0 — Vdd 


- 

±1.0 

ma 

•ddoi 

Operating Current 

CE 1 - V|i_ and CE 2 = V|(-| 
Other Input = V|h/V|l 

f cycle 1 MS 

- 

- 

10 

mA 

^cycle ~ 100ns 

- 

- 

45 

IdD02 

Operating Current 

= 0.2V and 

CE 2 = Vdd -0.2V 

Other Input 

= Vdd -0.2V/0.2V 

l^cycle “1 ms 

- , 

- 

5 

mA 

l^cycle = 100 ns 

- 

- 

40 

•ddsi 

Standby Current 

CEi = V|H or CE 2 = V|L 

- 

- 

2 

mA 

•dDS2 

Standby Current 

^1 = Vdd -0.2V or 
CE 2 =0.2V 

Vdd = 2.0-5.5V 

TC5564PL-10 

TC5564PL-15 

Ta = 25°C 


- 

0.2 

^A 

Ta = 60°C 


- 

1.0 

TC5564P-10/TC5564P-15 

- 

- 

20 


Note: In standby mode with CEi ^ —0.2V, these specification limits are guaranteed under the condition of CE 2 ^ Vqq 

-0.2V or CE 2 ^ 0.2V. 
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CAPACITANCE (Ta = 25°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|n=GND 

10 

PF 

CoUT 

Output Capacitance ^ 

Vout=GND 

10 

pF 


Note: This prameter is periodically sampled and is not 100% tested. 


A.C. CHARACTERISTICS (Ta = -30 ~ Sb°C, Vdd = 5V ± 10%) 


Read Cycle 


SYMBOL 

PARAMETER 

CONDITIONS 

TC5564P-10/PL-10 

TC5564P-15/PL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

IrC 

Read Cycle Time 

V|N = 2.4V/0.6V 

100 

- 

150 

- 

ns 

IaCC 

Address AccessTime 

V,H =2.2V 

- 

100 

- 

150 

ns 

tcoi 

CE"! AccessTime 

V|L = 0.8V 

- 

100 

- 

150 

ns 

1^C02 

CE 2 Access Time 

tr, tf ^ 5ns 

- 

100 

- 

150 

ns 

lOE 

Output Enable to 

Output in Valid 

VoH = 2.2V 

VoL = 0.8V 

- 

50 

- 

70 

ns 

ICOE 

Chip Enable (CCi, CE 2 ) to 
Output in Low-Z 

Output 

Load: 

10 

- 

10 

- 

ns 

lOEE 

Output Enable to 

Output in Low-Z 

Cl (lOOpF) 

and 1-TTL 

5 

- 

5 

- 

ns 

1^0D 

Chip Enable (CE ^, CE 2 ) to 
Output in High-Z 

Gate 

- 

50 

- 

70 

ns 

to DO 

Output Enable to 

Output in High-Z 


- 

40 

- 

60 

ns 

tOH 

Output Data Hold Time 


30 

i_- 

30 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

CONDITIONS 

TC5564P/PL 

TC5564P-1/PL-1 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

V|N = 2.4V/0.6V 
V,H - 2.2V 

V|L =0.8V 
tr, tf ^ 5ns 

100 

- 

150 

- 

ns 

IWP 

Write Pulse Width 

70 

- 

100 

- 

ns 

tew 

Chip Selection to 

End of Write 

90 

- 

120 

- 

ns 

IaW 

Address Set up Time 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0. 

- 

0 

- 

ns 

tODW 

R/W to Output High-Z 

- 

50 

Z 

70 

ns 

tOEW 

R/W to Output Low-Z 

0 0 

_^_ 

- 

10 

- 

ns 

tDS 

Data Set up Time 


60 

1 - 

i ns 

Idh 1 

Data Hold Time 

° 



, _ 

1 ns 


Note: Input Pulse Levels = V|N 

Timing Measurement Reference Levels = Vm, V||_ 
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TIMING WAVEFORMS 

READ CYCLE (1) 



WRITE CYCLE 1 (R/W Controlled Write) 


Addresses 


R/W 



CE2 



CEi 



DqUT 



D|n ''ih—■ 

V|L_ 


tRC 




DATA IN 
STABLE 
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NOTE: 

(1) R/W is High for_R_ead Cycle. 

(2) Assuming that CEi Low transition or CE 2 High transition occurs coincident with or after R/W Low 
transition, Outputs remain in a high impedance state. 

(3) Assuming that CEi High transition or CE 2 Low transition occurs coincident with or prior to R/W 
High transition, outputs remain in a high impedance state. 

(4) Assuming that OE is High for Write cycle. Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Ta = -30 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

_ 

TC5564PL-10, 

PL-15 

Ta = 25°C 

- 

- 

0.2 

fiA 

Ta = 60°C 

- 

- 

1.0 

/tA 

TC5564P-10,P-15 

- 

- 

20 

fJiA 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 


JUS 

tR 

Recovery Time 

tRC 

- 

- 

ns 


Note (1) tRc • Read cycle time CE 1 Controlled Data Retention Mode (2) 


CE^ Controlled Data Retention Mode (2) 

Vqd 



CE 2 Controlled Data Retention Mode (4) 
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NOTE: _ 

(2) In CEi controlled data retention mode, minimum standby current mode isachieved under the condition 
of CE 2 ^ 0.2V_^r CE 2 ^ Vdd -0.2V. 

(3) If the V|H of CEi is 2.2V in operation, during the period that the Vdd Voltage is going down from 
4.5V to 2.4V, Iddsi current flows. 

(4) In CE 2 controlled data retention mode, minimum standby current mode is achieved under the con¬ 
dition of CE 2 ^ 0.2V. 

DEVICE INFORMATION 


The TC5564P is an asynchronous RAM using address activated circuit technology, thus the internal opera¬ 
tion is synchronous. Then once row address change occur, the precharge operation is executed by internal 
pulse generated from row address transient. Therefore the peak current flows after only row address change, 
as is shown in the following figure. 

This peak current may induce the noise on Vdd/GND line. Thus the use of about 0.1 mF decoupling 
capacitor every device is recommended to eliminate such noise. 



Fig. TYPICAL CURRENT WAVE FORMS 

OUTLINE DRAWINGS 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 
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Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 



TOSHIBA MOS MEMORY PRODUCTS 

8,192 WORD X 8 BIT CMOS STATIC RAM TC5565P-1 2/P-1 5 

SILICON GATE CMOS TC5565PL" I 2/PL-1 5 


DESCRIPTION 

The TC5565P is 65,536 bit static random access 
memory organized as 8,192 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. Advanced circuit techniques provides both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum access 
time of 120ns/150ns. 

When CEz is a logical low or CEi is a logical high, 
the device is placed in low power standby mode in 
which standby current is 2ju A typically. The TC5565P 
has three control inputs. Two chip enables (CEi, 
CEz) allow for device selection and data retention 
control and an output enable input (OE) provides 
FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 

100MA(Max.) : TC5565PL-12, PL-15 
1mA(Max.) ; TC5565P-12, P-15 

• 5V Single Power Supply _ 

• Power Down Features; CEz, CEi 

• Fully Static Operation 

• Data Retention Supply Voltage; 2.0 ~ 5.5V 

PIN CONNECTION (TOP View) 



PIN NAMES 


Ao Ai 2 

Address Inputs 

R/W 

ReadAA/rite Control Input 

OE 

Output Enable Input 

^i,CE2 

Chip Enable Inputs 

l/Oi ~ l/Og 

Data Input/Output 

VdD 

Power (+5V) 

GND 

Ground 

N C. 

No Connection 


fast memory access. Thus the TC5565P is suitable 
for use in various microprocessor application systems 
where high speed, low power and battery back up 
are required. 

The TC5565P also features pin compatibility with 
the 64K bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same socket, 
resulting in flexibility in the definition of the quantity 
of RAM versus EPROM in microprocessor application 
systems. 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 


• Access Time 


TC5565P-12 

TC5565PL-12 

TC5565P-15 

TC5565PL-15 

Address Access Time (MAX.) 

120 ns 

150 ns 

CEi Access Time (MAX.) 

120 ns 

150 ns 

CE2 Access Time (MAX.) 

120 ns 

150 ns 

Output Enable Time (MAX.) 

60 ns 

70 ns 


• Directly TTL Compatible; All Inputs and Outputs 


• Standard 28 Pin DIP 

• Pin Compatible with 2764 type EPROM 

BLOCK DIAGRAM 
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OPERATION MODE 


Operation Mode 

CEi 

CE2 

OE 

R/W 

l/Oi ~ l/Og 

Power 

Read 

L 

H 

L 

H 

Dqut 

boo 

Write 

L 

H 

* 

L 

D|N 

boo 

Output Deselect 

L 

H 

H 

* 

High-Z 

boo 

Standby 

_1 

H 

* 

* 

i 

High-Z 

bos 

* 

1 

L 

* 

* 1 
_1 

High-Z 

bos 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

-- 

ViN 

Input Voltage 

-2.0 ~ 7.0 

V 

V|/0 

Input and Output Voltage 

-0.5 ~ Vdd +0.5 

V 

Pd 

Power Dissipation 

1.0 

w 

Tsolder 

Soldering Temperature 

260-10 

°C ■ sec 

^strg 

Storage Temperature 

-55~150 

°C 

Topr. 

Operating Temperature 

0~70 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd +0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Supply"Voltage 

2.0 

- 

5.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70"C, Vqd = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N = 0 ~ Vdd 


- 

±1.0 

ma 

•oh 

Output High Current 

Vqh 2.4V 

-1.0 

- 

- 

mA 

Iql 

Output Low Current 

VoL = 0.4V 

4.0 

- 

- 

mA 

bo 

Output Leakage 

Current 

; CE 1 = V|H or CE 2 = V|l or 

R/W = V,L or OE = V|h 

1 Vqut = 0 ~ Vdd 

- 

- 

±1.0 

^A 

•ddoi 

Operating Current 

1 Vdd = 5.5V, CEi =V|L 

1 CE2=V,h 

Other Input = V|h/V|l 

bycle - 1)US 

- 

- 

10 

mA 

bycle = 100ns 

- 

- 

45 

mA 

bD02 

Operating Current 

Vdd = 5.5V 

CEi = 0.2V, 

CE 2 = Vdd -0.2V 

Other Input = V|h/V||_ 

fcycle ~ 1 ms 

- 

- 

5 

mA 

^cycle ~100ns 

- 

- 

40 

mA 

•ddsi 

Standby Current 

1 CE, =V|H orCE2 =V,L ! 

- 

- 

3 

mA 

*bDS2 

Standby Current 

CE, = Vdd -0.2V or CE 2 = 0.2V 
Vdd = 2.0 ~ 5.5V 

TC5565PL 

- 

2 

100 

ma 

TC5565P 


- 

1.0 

mA 


Note: In standby mode with CE i ^A/qd —0.2V, these specification limits are guaranteed under the condition of CE2 ^ V^d 

-0.2V or CE2 S 0.2V. 
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CAPACITANCE (Ta = 25°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N =GND 

10 

pF 

CouT 

Output Capacitance 

Vqut gnd 

10 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 

A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vdd = 5V ±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

CONDITIONS 

TC5565P-12/PL-12 

TC5565P-15/PL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Read Cycle Time 

V,N = 2.4V/0.6V 

V,H = 2.2V 

V|L =0.8V 
tr - ff ^ 5ns 

VoH = 2.2V 

VoL = 0.8V 

Output Load: 

Cl (lOOpF) 
and 1-TTL 

Gate 

120 

- 

150 

- 

ns 

Ucc 

Address Access Time 

- 

120 

- 

150 

ns 

tcoi 

CE 1 Access Time 

- 

120 

- 

150 

ns 

fC02 

CEj Access Time 

- 

120 

- 

0 

LO 

ns 

1^0 E 

Output Enable to 

Output in Valid 


60 

- 

70 

ns 

tCOE 

Chip Enable (^i, CE 2 ) to 
Output in Low-Z 

10 

- 

10 


ns 

tOEE 

Output Enable to 

Output Low-Z 

5 

- 

5 

- 

ns 

tOD 

Chip Enable (CE 1 , CE 2 ) to 
Output in High-Z 


60 


70 

ns 

iqdo 

Output Enable to 

Output in High-Z 

- 

50 


60 

ns 

Tqh 

Output Data Hold Time 

20 

- 

20 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

CONDITIONS 

TC5565P-12/PL-12 

TC5565P-15/PL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

V|N = 2.4V/0.6V 
V,H = 2.2V 

V|L =0.8V 
tr, tf ^ 5 ns 

120 

- 

150 

- 

ns 

twp 

Write Pulse Width 

80 

- 

100 

- 

ns 

tew 

Chip Selection to 

End of Write 

100 

— 

120 

- 

ns 

tAS 

Address Set up Time 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- - 

ns 

tWRI 

Write Recovery Time (i^i, ^ 2 ) 

10 

- 

10 

- 

ns 

tODW 

RAA/ to Output High-Z 

- 

50 

- 

70 

ns 

toEW 

RM to Output Low-Z 

10 

_ 

10 

- 

ns 

tDS 

Data Set up Time 

50 

- 

60 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

ns 

tOHI 

Data Hold Time (CE 1 , CE 2 ) 

10 


10 

_ 

ns 


Note: , Input pulse levels = V|N 

Timing Measurement Reference levels = V|h , V|l 
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TIMING WAVEFORMS 
• READ CYCLE (1) 



WRITE CYCLE 1 (4) (R/W Controlled Write) 













TOSHIBA 


NOTE: 

(1) R/W is High for Read Cycle. 

(2) Assuming that CEi Low transition of CE 2 High transition occurs coincident with or after R/W Low 
transition, Outputs remain in a high impedance state. 

(3) Assuming that CEi High transition or CE 2 Low transition occurs coincident with or prior to R/W 
High transition, Outputs remain in a high impedance state. 

(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Ta = 0 - 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

bDS2 

Stand by 

Supply Current 

TC5565PL-12, PL-15 

- 

- 

100 

ma 

TC5565P-12,P-15 

- 

- 

1.0 

mA 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

^s 

tR 

Recovery Time 

tRcO) 

- 

- 



Note(1): Read cycle time 


♦ CE 1 Controlled Data Retention Mode (2 ) 



GND 


• CE 2 Controlled Data Retention Mode (4) 
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NOTE: _ 

(2) In CEi controlled data retention mode, minimum standby current mode is achieved under the con¬ 
dition of CE2_£0.2V or CE 2 ^ Vqd -0.2V. 

(3) If the V|H of CE i is 2.2V in operation, during the period that the Vqd voltage is going down from 
4.5V to 2.4V, Iddsi current flows. 

(4) In CE 2 controlled data retention mode, minimum standby current mode is achieved under the con¬ 
dition of CE 2 ^0.2V. 

DEVICE INFORMATION 

The TC5565P is an asynchronous RAM using address activated circuit technology, thus the internal 
operation is synchronous. Then once row address change occur, the precharge operation is executed by 
internal pulse generated from row address transient. Therefore the peak current flows after only row address 
change, as is shown in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 0.1/iF decoupling 
capacitor every device is recommended to eliminate such noise. 



OUTLINE DRAWINGS 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



Note: Each lead pitch is 2.54 mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 
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Note: Toshiba does not assunne any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

© Apr., 1982 Toshiba Corporation 


196 - 



fasable/Programmable Read Only Memory 


- 197 - 




TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE MOS 


TMM2764D 

TMI\/l2764D-2 


DESCRIPTION 

The TMM2764D is a 8192 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. For read operation, the TMM2764D's access 
time is 200 ns, and the TMM2764D operates from a 
single 5-volt power supply and has low power stand¬ 
by mode which reduces the power dissipation with¬ 
out increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 
^ input. The maximum active current is 120mA 
FEATURES 

• Single 5-volt power supply 

• Fast access time : TMM2764D 250 ns 

TMM2764D-2 200 ns 

• Power dissipation ; 

120 mA (active current) Max. 

35 mA (standby current) Max. 

• Low power standby mode : CE 

PIN CONNECTION (top view) brE^R^M ™m2??2d‘ 



PIN NAMES 


Aq ~ A-12 

Address Inputs 

Oo ^ O7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 


Program Control Input 

N.C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (-t-5V) 

GND 

Ground 


and the maximum standby current is 35mA. 

For program operation, the programming is achiev¬ 
ed by applying a 50ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially individually., or at random. 

The TMM2764D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 

• Output buffer control : OE 

• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764 and ROM TMM2364P 

BLOCK DIAGRAM 



MODE SELECTION 


^\Pin 

Mode 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

( 1 ) 

Vcc 

(28) 

Oq ~ O 7 
(11~13,15~19) 

I - 1 

Power 

Read 

H 

L 

L 


Data Out 


Output Deselect 

* 

* 

1 H 


5V 

High 

1 mpedance 

Active 

Standby 

* 

H 

* 

5V 

5V 

High 

Impedance 

Standby 

Program 

L 

L 

* 


5V 

Data in 




H 



5V 

High 


1 Program 




Impedance 


Inhibit 

H 

L 

H 


5V 

High 

Impedance 

Active 

Program Verify 

H 

L 

L 


5V 

Data Out 



Note: * 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6 ~ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 ~ 22.0 

V 

V|N 

Input Voltage 

-0.6 ~ 7.0 

V 

Vqut 

Output Voltage 

-0.6 7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C • sec 

Tstrg . 

Storage Temperature 

-65 - 125 


Tqpr. j 

Operating Temperature 

0-70 

°C 

L . . _ . - 


READ OPERATION 

D.C, RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V,H 

Input High Voltage 

2.0 

- 

Vcc + 1-0 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

- 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc ] 

[ Vcc + 0-5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5V± 5% Unless otherwise noted) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

'Ll ; 

Input Current 

V|N = 0 - Vcc 

- 

- 

±10 

ma 

•cci 

Supply Current (Standby) 

^=V,H 

- 

- 

35 

mA 

>CC2 

Supply Current (Active) 

CE =V,L 

- 

- 

120 

mA 

Vqh 

Output High Voltage 

Iqh “ —400/iA 

2.4 

- 

- 

V 

_J 

>° 

Output Low Voltage 

Iql =2.1mA 

- 

- 

0.4 

V 

Ippl 

Vpp Current 

Vpp = 0 — Vcc + 0.6 


- 

± 10 

ma 

•lo 

Output Leakage Current 

Vqut = 0.4 — Vcc 

1 

- 

±10 

JUA 
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A,C. CHARACTERfSTICS 

Ta = 0 ~ 70°C, Vcc = 5V ± 5%, Vpp = 2.0V ~ Vqc + 0.6V‘ Unless otherwise noted) 
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SYMBOL 

PARAMETER 

CONDITIONS 

TMM2764D-2 

TMM2764D 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

^ = OE = V,L, P^ = V,H 

- 

200 

- 

250 

ns 

tCE 

CE to Output Valid 

^ = V,l.PGM= V|H 

- 

200 

- 

250 

ns 

tOE 

OE to Output Valid 

CE = V,L,^= V,H 

- 

70 

- 

100 

ns 

tPGM 

PGM to Output Valid 

OE = CE = V,L 

- 

70 

- 

100 

ns 

tOFl 

CE to Output in High-Z 

= V,L, P^= V|H 

0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 

^=V,L,P^=V,H 

0 

’ 60 


90 

ns 

tDF3 

PGM to Output in High-Z 

> 

11 

_0 

60 

^ -.-H 

0 

90 

ns 

tOH 

Output Data Hold Time 

CE = OE = V,l,PGM = V,h 

L ^ 

Zt" T 


'V.ZZ.I 

ns 


A.C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl = lOOpF 
10ns Max. 

0.8V to 2.2V 

Inputs IV and 2V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25°C, f = IMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Qn 

Input Capacitance 

> 

o 

z 

> 

- 

4 

6 

PF 

Qdut 

Output Capacitance 

Vqut - OV 

_ 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc + 1 -0 

V 

V,L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.0 

5^25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21.0 1 

21.5 

V 


D.C.and OPERATING CHARACTERISTICS (Ta = 25±5°G, Vcc = 5V±5%, Vpp = 21 V±0.5V) 


SYMBOL 

PARAMETER 

CONDITIONS 1 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

< 

z 

II 

o 

1 i 

o 

- 


± 10 

ma 

VpH 

Output High Voltage 

lOH = -400 jU A 

2.4 


- 

V 

VoL 

Output Low Voltage 

Iql ~ 2.1 mA 

- 


0.4 

V 

icc 

Vcc Supply Current 

- 

- 

- 

120 

mA 

IPP2 

Vpp Supply Current 

Vpp = 21.5V 

- 


30 

mA 


A.C, PROGRAMMING CHARACTERISTICS (Ta = 25±5°C, Vcc = 5V±5%, Vpp = 21V± 0.5V) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

Typ. 

MAX. 

UNIT 

Us 

Address Setup Time 

- 

2 


- 

MS 

tAH 

Address Hold Time 

- 

2 

_ 

- 

MS 

tCES 

CE Setup Time 

- 

2 

_ 

- 

MS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

MS 

tos 

Data Setup Time 

- 

2 

- 

- 

MS 

tDH 

Data Hold Time 

- 

2 i 


- 

MS 

tps 

PGM Setup Time 

- 

2 

- 

- 

MS 

tpH 

PGM Hold Time 

- 

2 

- 

- 

MS 

Ues 

OE Setup Time 

- 

2 

- 

- 

MS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

MS 

tpw 

Program Pulse Width 

P^ = ^ = V|L 

45 

50 

55 

ms 

tcp 

Program Recovery Time 

- 

0 

- 

- 

MS 

tPRT 

Program Pulse Rise Time 

- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tCE 

^ to Output Valid 

- 

- 

- 

250 

ns 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tDFl 

CE to Output in High Z 

_i 

> 

II 

LJJ 

- 

- 

90 

ns 

tDF2 

6e to Output in High Z 

II 

< 

|- 

- 

- 

CD 

O 

ns 


A.C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


ITTLGate and Cl (100 pF) 

10ns Max. 

0.8 ~ 2.2V 

Input IV and 2V ; Output 0.8V and 2.0V 
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ERASURE CHARACTERISTICS 

The TMM2764D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstroms) to the chip through the trans¬ 
parent window. Then integrated dose (Ultraviolet 
light intensity [w/cm^] x exposure time [sec.]) for 
erasure should be a minimum of 15 [W. sec/cm^j. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [//w/cm^ ] will 

OPERATION INFORMATION 

The TI\/IM2764D's six operation modes are listed in 
the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. In the read 


reduce the exposure time to about 20 minutes. (In 
this case, the integrated does is 12000 [//w/cm^] 
X (20 X 60) [sec] = 15 [w. sec/cm^ ].) 

The TMM2764D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000 
A. The sunlight and J:he fluorescent lamps will 
include 3000 ~ 4000 A wavelength components. 
Therefore when used under such lighting for extend¬ 
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 


operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 



P^ 

(27) 

CE 

(20) 

OE 

-(22) 

Vpp 

(1) 

Vcc 

(28) 

Uo 0? 

(11~13, 15-19) 

Power 

READ 

OPERATION 
(Ta = 0~70°C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 


H 

High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5°C) 

Program 

L 

L 

* 

21V 

5V 

Data In 

Active 

Program 

* 

H 

* 

High Impedance 

Active 

Inhibit 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note: H; Vm, L; V|[_, *; Vih or V||_ 


READ MODE 

The TMM2764D has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that ^ = OE = V|l and PGM= V|h, the 
output data is valid at the outputs after address access 
time from stabilizing of all addresses. 


The CE to output valid (tcE / is equal to the address 
access time (tACC)- 

Assuming that CE = V|l, PGM = V|h and all ad¬ 
dresses are valid, the output data is valid at the out¬ 
puts after toE from the falling edge of OE. 

And assuming that CE = OE = V|l and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 
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OUTPUT DESELECT MODE 

Assuming that CE = V|h or OE = V|h , the outputs 
will be in a high impedance state. So two or more 
TIVIM2764D can be connected together on a common 


STANDBY MODE 

The TI\/lM2764^has a low power standby mode 
controlled b^the ^ signal. By applying a TTL high 
level to the ^ input, the TMM2764D is placed in the 
standby mode which reduce the operating current 


PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764D are in the "1" state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The TMM2764D is set up in the program operation 
mode when applied the pro gram voltage (+21V) to 
the Vpp terminal under CE = PGM = OE = V|h . 

The program operation occurs during the overlap 
of the ^ low and the PGM low. Then the program¬ 
ming is achieved by applying a 50ms (tpw) active low 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764D from being pro¬ 
grammed. Programming of two or more TMM2764Ds 
in parallel with different data is easily accomplished. 


bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


from 120mA to 35mA, and then the outputs are in a 
high impedance state, independent of the OE and the 
PGM inputs. 


program pulse to the CE or the PGM input after the 
addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is 55ms. 

The levels required for all inputs are TTL. 

The TMM2764D can be programmed any location 
at anytime — either individually, sequentially, or at 
random. 

The TMM2764D should not be programmed with 
D.C. signal applied to both CE and PGM inputs. 


The verify is accomplished with OE and CE at V|l 
and PGM at V|h. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM ,of the desired 
device only and TTL high level signal is applied to the 
other devices. 
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TOSHIBA 


OUTLINE DRAWINGS 




Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 

©Nov., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

N-CHANNEL SILICON STACKED GATE MOS 


TMM2764DI 

TMM2764DI-2 


DESCRIPTION 

The TMM2764D1 is a 8192 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. For read operation, the TMM2764Drs ac¬ 
cess time is 200 ns, and the TMM2764D1 operates 
from a single 5-volt power supply and has low power 
standby mode 'which reduces the power dissipation 
without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 
FEATURES 

• Wide operating temperature Range —40~85°C 

• Single 5-volt power supply 

• Fast access time : TMM2764D1 250 ns 

TMM2764DI-2 200 ns 

• Power dissipation : 

130 mA (active current) Max. 

40 mA (standby current) Max. 

• Low power standby mode ; CE 

PIN rnNNFrTION Lower 24 pins compatible v 

rilM LrUIMlMCL^ I lUiXl (TOP VIEW) bit EPROM TMM2732D 


:3Vcc 

□ Ag 

□ Ag 

□ A„ 

□ OE/Vpp 

□ Aio 

□ CE 

□ O 7 

□ Oe 
iOg 

'3 


CE input. The maximum active current is 130 mA 
and the maximum standby current is 40mA. 

For program operation, the programming is achiev¬ 
ed by applying a 50ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially individually, or at random. 

The TMM2764DI is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 

• Output buffer control ; OE 

• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764 and ROM TMM2364P 

BLOCK DIAGRAM 


Vppc 

1 

28 

^ Vcc 


TMM2732D 

A 12 C 

2 

27 

□ PGM 


(TOP ' 

VIEW) 

A7[: 

3 

26 

□ N.G. 

Ayd 

1 

24 

AeP 

4 

25 

□ Ag 

Aed 

2 

23 

AsC 

5 

24 

□ Ag 

Asd 

3 

22 

A 4 C 

6 

23 

□ A 11 

A 4 q 

4 

21 

A 3 C 

7 

22 

□ OE 

A 3 C 

5 

20 

A 2 C 

8 

21 

□ A 10 

A 2 C 

6 

19 

Aic 

9 

20 

□ CE 

Aid 

7 

18 

AoC 

To 

19 

IIO7 

Aod 

8 

17 

OqC 

Old 

11 

12 

18 

17 

bOg 

L1O5 

Ogd 

O 1 C 

9 

10 

16 

15 

C21: 

13 

16 

□ O4 

Ood 

11 

14 

GNDC 

14 

15 

□ O 3 GNOd 

12 

13 


SE 

CE 

PGM 


aI 

k 

% 

A?o 

A 1 I 

A-io 



MODE SELECTION 


PIN NAMES 


Aq ~ Ai2 

Address Inputs 

Co O 7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

N.C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage i+bW) 

GND 

Ground 


Mode 

PGM 

(27) 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo ~ O 7 
(11-13,15-19) 

Power 

Read 

H 

L 

L 


,5V 

Data Out 


Output Deselect 

* 

* 

H 


5V 

High 

Impedance 

Active 

Standby 

* 

H 

* 

5V 

5V 

High 

Impedance 

Standby 

Program 

L 

L 

» 


5V 

Data in 


Program 

* 

H 

1 _ 

* 

21V 

5V 

High 

Impedance 

Active 

Inhibit 

H 

L 

H 

5V 

High 

Impedance 

Program Verify 

H 

L 

L 


5V 

Data Out 



Note: * : H or L 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6 ~ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 ~ 22.0 1 

V 

V|N 

Input Voltage 

-0.6 ~ 7.0 

V 

Vqut 

Output Voltage 

-0.6 ~ 7.0 

V 

Pd 

Power Dissipation 

1.5 

w 

Tsolder 

Soldering Temperature ■ Time 

260 • 10 

°C • sec 

Tstrg. 

Storage Temperature 

-65 ~ 125 


Tqpr. 

Operating Temperature 

-40 ~ 85 



READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.2 


Vcc+ 1.0 

V 

V|L 

Input Low Voltage 

-0.3 

_ I 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 


5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.2 

Vcc 

Vcc +0.6 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vcc = 5V±5% Unless otherwise noted) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

V|N = 0 ~ Vcc 

- 

- 

±10 

UlA 

Icci 

Supply Current (Standby) 

z 

> 

II 

ILU 

Icj 

- 

- 

40 

mA 

lcC2 

Supply Current (Active) 

> 

II 

iLU 

!u 

- 

- 

130 

mA 

VoH 

Output High Voltage 

Iqh —400mA 

2.4 

_ 

- 

V 

Vol 

Output Low Voltage 

Iql ~ 2.1 mA 

- 

- 

0.4 

V 

Ippi 

Vpp Current 

Vpp = 0 ~ Vcc + 0.6 


- 

± 10 

ma 

Ilo 

Output Leakage Current 

Vqut = 0.4 ~ Vcc 

_ 

- 

± 10 

)UA 
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A.C. CHARACTERISTICS 

,Ta = —40 ~ 85°C, Vcc “ 5V±5%, Vpp = 2.2V ~ V^c 0.6V, Unless otherwise noted) 


TOSHIBA 


SYMBOL 

PARAMETER 

CONDITIONS 

TMM2764DI-2 

TMM2764DI 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

CE = OE = V,L, P^ = ViH 

- 

200 

- 

250 

ns 

tCE 

CE to Output Valid 

OE = V,l,PGM= V|H 

- 

200 

- 

250 

ns 

tOE 

^ to Output Valid 

CE = Vh_^^=V|h 

- 

70 

- 

100 

ns 

tPGM 

PGM to Output Valid 

^ = CE = V|l 

- 

70 

- 

100 

ns 

^DFl 

ClE to Output in High-Z 

OE = V|L,P^ = V|H 

0 

60 ] 

0 

_90 

ns 

tDF2 

OE to Output in High-Z 

CE = V|l,PUM = ViH 

0 

60 

0 

90 

ns 

tDF3 

PGM to Output in High-Z 

> 

II 

0 

_ 60 _J 

0 

90 

ns 

tOH 

Output Data Hold Time 

CE = OE = V,l,PGM = V|h 

0 

- 

0 

___ 

ns 


A.C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl = lOOpF 
10ns Max. 

0.6V to 2.4V 

Inputs IV and 2V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Qn 

Input Capacitance 

V,N =0V 

- 

4 

6 

pF 

Cqut 

Output Capacitance 

Vqut ~ ov 

- 

8 

12 

PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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TOSHIBA 


PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.2 

- 

Vcc + 1-0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.0 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21.0 

21.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 25±5'*C, Vcc = 5V±5%, Vpp = 21 V±0.5V) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Current 

V|N = 0 ~ Vcc 

- 

- 

± 10 

luA 

Vqh 

Output High Voltage 

Iqh = -400 iu A 

2.4 

- 

- 

V 

Vql 

Output Low Voltage 

Iql ~ 2.1 mA 

- 

- 

0.4 

V 

Ice 

Vcc Supply Current 

-'—^-i 

- 

- 

130 

mA 

lpP2 

Vpp Supply Current 

Vpp = 21.5V 

1 

- 

30 

mA 


A.C. PROG R AMMING CHAR ACTE RISTICS (Ta = 25 ± 5°C, Vcc = 5V ± 5%, Vpp = 21V ± 0.5 V) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

Typ. 

MAX. 

UNIT 

tAS 

Address Setup Time 

— 

2 

- 

- 

flS 

tAH 

Address Hold Time 

- 

2 

- 

- 

flS 

tCES 

CE Setup Time 

- 

2 

- 

- 

/is 

tCEH 

CE Hold Time 

- 

2 

- 

~ 

/is 

tDS 

Data Setup Time 

■- 

2 

- 

_ 

/is 

tOH 

Data Hold Time 

- 

2 

- 


MS 

tps 

PGM Setup Time 

- 

2 

- 

- 

/is 

tPH 

P^Hold Time 

- 

2 

- 

- 

/is 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

/is 

tpw 

Program Pulse Width 

P^ = ^ = V|L 

45 

50 

55 

ms 

tCP 

Program Recovery Time 

- 

0 

- 

- 

JUS 

tPRT 

Program Pulse Rise Time 

- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tCE 

^ to Output Valid 


- 

- 

250 

ns 

tOE 

DE to Output Valid 

- 

- 

- 

100 

ns 

tDFl 

CE to Output in High Z 

> 

II 

liij 

lo 

- 

- 

90 

ns 

tDF2 

to Output in High Z 

_j 

> 

II 

lUJ 

lo 

- 

- 

90 

ns 


A.C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1TTL Gate and Cl (100 pF) 

10ns Max. 

0.6 ~ 2.4V 

Input IV and 2V ; Output 0.8V and 2.0V 
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TOSHIBA 


ERASURE CHARACTERISTICS 

The TMM2764Drs erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstroms) to the chip through the trans¬ 
parent window. Then integrated dose (Ultraviolet 
light intensity [w/cm^ ] x exposure time [sec.] ) for 
erasure should be a minimum of 15 [W. sec/cm^j. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [/zw/cm^ ] will 

OPERATION INFORMATION 

The TMM2764Drs six operation modes are listed in 
the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. In the read 


reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [/zw/cm^j 
X (20 X 60) [sec] s 15 [w. sec/cm^ ].) 

The TMM2764Drserasure begins to occur when 
exposed to light with wavelength shorter than 4000 
A. The’sunlight and ^the fluorescent lamps will 
include 3000 ~ 4000 A wavelength components. 
Therefore when used under such lighting for extend¬ 
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 


operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 



PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oq ~ O 7 

(11 ~ 13, 15~ 19) 

Power 

READ 

Read 

H 

L 

L 



Data Out 

Active 

OPERATION 

Output Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Active 

(Ta = -40~85°C) 

Standby 

* 

H 

* 



High Impednace 

Standby 

PROGRAM 
OPERATION 
(Ta = 25 ±5°C) 

Program 

L 

L 

* 



Data In 

Active 

Program Inhibit 

* 

H 

* 

21V 

5V 

High Impednace 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 



Data Out 

Active 


Note: H; V|h, L; V,l, *;V|h or V|l 


READ MODE 

The TMM2764DI has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = ^ = V|l and PGM= V|h, the 
output data is valid at the outputs after address access 
time from stabilizing of all addresses. 


The CE to output valid (tCE / is equal to the address 
access time (tACc)- 

Assuming that CE = Vil, PGM = V|h and all ad¬ 
dresses are valid, the output data is valid at the out¬ 
puts after toE from the falling edge of OE. 

And assuming that CE = OE = V|l and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 
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TOSHIBA 


OUTPUT DESELECT MODE 

Assuming that CE = V|h or OE = V|h , the outputs 
will be in a high impedance state. So two or more 
TM1\/12764D1 can be connected together on a common 


STANDBY MODE 

The TMM2764D1 has a low power standby mode 
controlled by the ^ signal. By applying a TTL high 
level totheCE input;the TMM2764DI is placed in the 
standby mode which reduce the operating current 


PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764DI are in the "1" state which is erased 
state. 

Therefore the program operation is to introduce 
“Os" data into the desired bit locations by electrically 
programming. 

The TMM2764DI is set up in the program operation 
mode when applied the pro gram voltage (+21V) to 
the Vpp terminal under CE = PGM = OE = Vm. 

The program operation occurs during the overlap 
of the ^ low and the PGM low. Then the program¬ 
ming is achieved by applying a 50ms (tpw) active low 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764DI from being pro¬ 
grammed. Programming of two or more TMM2764Dls 
in parallel with different data is easily accomplished. 


bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


from 130mA to 40mA, and then the outp^s are in a 
high impedance state, independent of the OE and the 
PGM inputs. 


program pulse to the CE or the PGM input after the 
addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is 55ms. 

The levels required for all inputs are TTL. 

The TMM2764DI can be programmed any location 
at anytime — either individually, sequentially, or at 
random. 

The TMM2764DI should not b e prog rammed with 
D.C. signal applied to both CE and PGM inputs. 


The verify is accomplished with OE and CE at V|l 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 
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TOSHIBA MOS MEMORY PRODUCTS 


16384 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY TMM27I28D-20 
PROGRAMMABLE READ ONLY MEMORY 


TMM27I28D-25 


DESCRIPTION 

The TMM27128D is a 16384 word x 8 bit ultra¬ 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
27128D's access time is 200 ns, and the TMM27128D 
operates from a single 5-volt power supply and has a 
low power standby mode which reduces the power 
dissipation without increasing access time. The stand¬ 
by mode is achieved by applying a TTL-high level 
signal to the CE input. The maximum active current 
is 120 mA and the maximum standby current is 


35mA. 

For program operation, the programming is achieved 
by appl ying a 50 ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially, individually, or at random. 

The TMM27128D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 


FEATURES 

Single 5-volt power supply 
Fast access time; TMM27128D-25 250 ns 
TMM27128D-20 200 ns 

Power dissipation; 

120 mA (active current) Max. 

35 mA (standby current) Max. 
Low power standby mode; ^ 

Output buffer control; OE 


• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i271 28 

BLOCK DIAGRAM 


PIN CONNECTION 


(TOP VIEW) 


Vpp C 1 

Ai2 C 2 

A 7 C 3 

Ae C 4 
As E 5 
A 4 E 6 
A 3 E 7 
A 2 E 8 
Al E 9 
Aq E 10 
Oq E 11 
Ol E 12 
O 2 C 13 
GNDC 14 


28 □ Vqc 

27 □ PGM 
26 □ Ai 3 
25 □ Ag 
24 □ A 9 
23 □ All 
22 □ OE 
21 □ Aio 

20 3 ^ 
19 307 

18 3 06 
17 305 
16 ^04 
15 □Oa 


'^PP GND '^CC Oq Ol O2O3 O4 O5 O6O7 


PIN NAMES 


Aq ~ Al 3 

Address Inputs 

Oq ~ O 7 

Outputs (Inputs) 

CE 

Chip Enable Input 


Output Enable Input 


Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage (+bV) 

GND 

Ground 


PGM o 

Aq o 
Al a 
A 2 o 
A 3 a 
A 4 o 
As a 
A 6 a 
A 7 o 
As o 
A 9 o 
Aioo 
Alio 
A 120 
A 130 


OE 

, CE and PGM 

CIRCUIT 

— 

OUTPUT BUFFERS 

t 







5 

COLUMN 

32 

COLUMN I/O 

AD¬ 


DECODER 


CIRCUIT 





1 

DRESS 

BUFF¬ 

ERS 

9 

ROW 


512 

MEMORY CELL 

ARRAY 





16384 X 8 BITS 


MODE SELECTION 


Pin 

Mode 

PGM 

(27) 

CE 

( 20 ) 

OE 

( 22 ) 

Vpp 

( 1 ) 

Vcc 

(28) 

Oq ~ O 7 

(11-13,15-19) 

Power 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

5V 

High Impedance 

Standby 

* 

H 

* 

5V 

High Impedance 

Standby 

Program 

L 

L 

* 

21V 

5V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

5V 

High Impedance 

H 

L 

H 

5V 

High Impedance 

Program Verify 

H 

L 

L 

5V 

Data Out 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6 ~ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-22.0 

V 

ViN 

Input Voltage 

-0.6-7.0 

V 

Vqut 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

w 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C ■ sec 

Tstrg. 

Storage Temperature 

-65-125 

°C 

Tqpr. 

Operating Temperature 

1_i 

0-70 

°c 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc + 1 0 

V 

ViL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

- 

5.25 

V 

vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc + 0-6 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 0~ 70°C, Vcc = 5V ±5% Unless otherwise noted) 


SYMBOL 

PARAMTER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

V|N = 0 - Vcc 

- 

- 

±10 

UlA 

Icci 

Supply Current (Standby) 

CE =V,H 

- 

_ 

35 

mA 

ICC2 

Supply Current (Active) 

CE =V,L 

- 


120 

mA 

Vqh 

Output High Voltage 

Iqh = -400mA 

2.4 


- 

V 

VoL 

Output Low Voltage 

Iql = 2.1mA 

- 

■ ■ H 

0.4 

V 

IPPI 

Vpp Current 

Vpp = 0 — Vcc ■*'0.6 

- 

- 

±10 

ma 

■lo 

Output Leakage Current 

Vqut ~ ~ Vcc 

- 

- 

±10 

ma 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5V +5%, Vpp = 2.0V ~ Vcc + 0.6V, Unless otherwise noted) 


SYMBOL 

— 

PARAMTER 

CONDITIONS 

TMM27128D-20 

TM27128D-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^ACC 

Address Access Time 

CE=OE=V|l,PGM=V,h 

- 

200 

- 

250 

ns 

tCE 

CE" to Output Valid 

0€ = V|l,P^ = V,h 

- 

200 

- 

250 

ns 

^OE 

OE to Output Valid 

CE = ViL,P^ = V|H 

- 

70 

- 

100 

ns 

tPGM 

PGM to Output Valid 

OE = CE = V|L 

- 

70 

- 

100 

ns 

^DFI 

^ to Output in High-Z 

OE = V|L,P^= V|H 

0 

60 

0 

90 

ns 

tDF2 

OE to Output in High-Z 

CE = V|L, P^ = V|H 

0 

60 

0 

90 

ns 

tDF3 

PGM to Output in High-Z 

OE = CE = Vi L 

0 

60 

0 

90 

ns 

tOH 

Output Data Hold Time 

CE = OE = V|L 

0 

- 

0 

- 

ns 


• AC Test Conditions 

• Output Load: 

• Input Pulse Risd and Fall Times; 

• Input Pulse Levels; 

• Timing Measurement Reference Level; 


1 TTL Gate and Cl = lOOpF 
10 ns Max. 

0.8V to 2.2V 

Inputs IV and 2V, Outputs0.8V and 2.0V 


CAPACITIANCE * (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Qn 

Input Capacitance 

< 

z 

II 

O 

< 

- 

4 

6 

pF 

CouT 

Output Capacitance 

Vqut “ OV 

- 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc + 1 0 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 1 

Vcc Power Supply Voltage 

4.75 

5.0 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

20.5 

21.0 

21.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 25 ± 5°C, Vcc = 5V ± 5%, Vpp = 21V ± 0.5V) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

V|N = 0 ~ Vcc 

- 

- 

±10 

juA 

Vqh 

Output High Voltage 

Iqh —400/iA 

2.4 

- 


V 

Vql 

Output Low Voltage 

Iql ~ 2.1 mA 

- 

- 

0.4 

V 

■cc 

Vcc Supply Current 

- 

- 

[ 

120 

mA 

Ipp 2 

Vpp Supply Current 

Vpp = 21.5V 

- 

1 - 

^2 _i 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta = 25 ± 5°C, Vcc = 5V ± 5%, Vpp = 21V ± 0.5V) 


SYMBOL. 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 


MS 

tAH 

Address Hold Time 

- 

2 

- 

_ 

MS 

tCES 

CE” Setup Time 

- 

2 

_ 

_ 

MS 

tCEH 

CE^ Hold Time 

- 

2 

- 

- 

MS 

tDS 

Data Setup Time 

- 

2 

- 

- 

MS 

tDH 

Data Hold Time 

- 

2 

- 

- 

MS 

tps 

PGM Setup Time 

- 

2 

- 


MS 

tPH 

PGM Hold Time 

- 

2 

- 


MS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

MS 

tpw 

Program Pulse Width 

PGM=CE = V|L 

45 

50 

55 

ms 

tCP 

Program Recovery Time 

- 

0 

- 

- 

MS 

tpRT 

Program Pulse Rise Time 

- 

5 

- 

- 

ns 

tpFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tCE 

CE to Output Valid 

- 

- 

- 

250 

ns 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tDFI 

CE to Output in High Z 

OE = V|L 

- 

- 

90 

ns 

tDF2 

OE to Output in High Z 

CE=V,l- 

- 

- 

90 

ns 


A.C. Test Conditions 

Output Load: 

Input Pulse Rise and Fall Times; 

Input Pulse Levels: 

Timing Measurement Reference Level: 


1TTL Gate and Cl (100 pF) 

10 ns Max. 

0.8 ~ 2.2V 

Input IV and 2V; Output 0.8V and 2.0V 
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ERASURE CHARACTERISTICS 

The TM(\/l27128D's erasure is achieved by applying 
short wave ^ultraviolet light which has a wavelength 
of 2537 A (Angstroms) to the chip through the 
transparent window. Then integrated dose (Ultra¬ 
violet light intensity [w/cm^] x exposure time 
[sec.]) for erasure should be a minimum of 15 
[W. sec/cm^ ]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm 
from the lamp surface, the erasure will be achieved 
within 60 minutes. And using commercial lamps 


OPERATION INFORMATION 

The TMM27128D's six operation modes are listed 
in the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. In the 


whose ultraviolet light intensity is a 12000 [/uw/cm^ ] 
will reduce the exposure time to about 20 minutes. 
(In this case, the integrated dose is 12000 [)uw/cm^] 
x (20 X 60) [sec] ^ 15 [w.sec/cm^ ].) 

The TMM27128D's erasure begins to occur 
when ^exposed to light with wavelength shorter than 
4000A . The sunlight and the flourescent lamps will 
include 3000 ~ 4000A wavelength components. 
Therefore when used under such lighting for extended 
periods of time, the opaque seals — Toshiba EPROM 
Protect Seal AC901 — are available. 


read operation mode, a single 5V power supply is 
required and the levels required for all inputs are 
TTL. 



pm 

(27) 

( 20 ) 

OE 

( 22 ) 

Vpp 

(1) 

Vcc 

(28) 

Oq ~ O 7 

(11 ~ 13, 15~ 19) 

Power 

READ 

OPERATION 
(Ta = 0~70°C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 


H 

High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 
OPERATION 
(Ta = 25±5°C) 

Program 

L 

L 

* 

21V 

5V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

Active 

Program Inhibit 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note: H; V|H, L; V|l, fViH or V|l 


READ MODE 

The TMM27128D has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

_The Output enable (OE) and the program control 

(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = V|l and PGM = V|h, 
the output data is valid at the output after address 
access time from stabilizing of all addresses. 


The CE to output valid (tcE) is equal to the 
address access time (tACc)- 

Assuming that CE = V|l, PGM = V|h and all 
addresses are valid, the output data is valid at the 
outputs after toE "fi^onn the falling edge of OE. 

And assuming that CE = OE = V|l and all ad¬ 
dresses are valid, the output data is valid at the out¬ 
puts after tpGM 'from the rising edge of PGM. 
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OUTPUT DESELECT MODE _ 

Assuming that CE = V|h or OE = Vm, the out¬ 
puts will be in a high impedance state. So two or 
more TMM27128D can be connected together on a 


STANDBY MODE 

The TMM27128D has a low power standby mode 
controlled by the ^ signal. By applying a TTL high 
level to the ^ input, the TMM27128D is placed in 
the standby mode which reduce the operating current 


PROGRAM MODE 

Initially, when received by customers, all bits of 
the Ti\/IM27128D are in the "1" state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The TMM27128D is set up in the program opera¬ 
tion mode when applied the pr ogram voltage (-1-21V) 
to the Vpp terminal under CE = PGM = OE = V|h- 

The program operation occurs during the overlap 
of the ^ low and the low. Then the pro¬ 

gramming is achieved by applying a 50ms (tpw) 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired 
data is correctly programmed on the programmed 
bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21V) is applied to Vpp terminal, a high level CE 
or PGM input inhibits the TMM27128D from being 
programmed. Programming of two or more 
TMM27128DS in parallel with different data is 


common bus line. When CE is decoded for device 
selection, all deselected devices are in low power 
standby mode. 


from 120mA to 35mA, and then the outputs are in a 
high impedance state, independent of the OE and 
PGM inputs. 


active low program pulse to the CE or the PGM 
input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is 55ms. 

The levels required for all input are TTL. The 
TMM27128D can be programmed any location at 
anytime — either individually, sequentially, or at 
random. 

The TMM27128D should n^ be progr ammed 
with D.C. signal applied to both CE and PGM inputs. 


The verify is accomplished with OE and CE at 
V|L and PGM at V|h . 


easily a ccom plished. That is, all inputs except for 
^ or PGM may be commonly connected, and a 
TTL low level program pulse is applied to'the CE 
and PGM of the desired device only and TTL high 
level signal is applied to the other devices. 




TOSHIBA 


OUTLINE DRAWINGS 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



Note 1 Note 2 


Note; 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect Ni 
leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 




Mask Programmable Read Only Memories 
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TOSHIBA MO S MEMORY PRODUCTS 

2048 WORD X 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 


TMM334P 


DESCRIPTION 


TMM334P is a 16,384 bits read only memory 
organized as 2048 words by 8 bits and is compatible 
with i2716 type (16K EPROM). It is suitable for use 
in programming of production apparatus used micro 
processor because of its low cost per bit. 

TMM334P's mask making is carried out by com¬ 
puter using punched paper tape data of customer and 
then sample manufacturing will start. Then for cus¬ 
tomer, 16384 bits memory data and three chip select 
input active logic are programmable. 

Therefore TMM334P manufacturing -procedure 
goes through three steps before mass production. 
First step is a acceptance of customer's punched 


paper tape data. Second step is a presentation of 
programmed sample (Engineering Sample) for cus¬ 
tomers. Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc¬ 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

TMM334P is fabricated with ion implanted N- 
channel silicon gate technology. This technology 
allows a production of high performance. TMM334P 
is moulded in a 24 pin standard plastic package. 


FEATURES 

• Single 5V supply voltage; Vcc “ 5V± 10% 

• Access time; tACC“450ns. (Max.) 

• Directly TTL compatible; All inputs and outputs 

• Programmable chip select inputs; CS1, CS2, CS3 Easy memory expansion 

• Three state output; OR tie capability 

• Static operation; No clocks are required. 

• Input protected; All inputs have protection against static charge 

• Pin to pin compatible; TMM323C, i2316E, 12716 


PIN CONNECTION 

(TOP VIEW) 



PIN NAMES 


Aq ~ Ag 

Row address inputs 

A7 Ai0 

Column address inputs 

Do ~ D7 

Data outputs 

CSi/CST-CSa/C^ 

Chip select inputs 

VCC 

Vcc Power Supply Voltage 

GND 

Ground 


BLOCK DIAGRAM 


Vcc gnd 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power supply voltage 

-0.5 ~ 7,0 

V 

V|N, VqUT 

Input and output voltage 

-0.5 ~ 7.0 

V 

Topr 

Operating temperature 

0~70 

°C 

Tstg 

Storage temperature 

-55 ~150 

°C 

tsolder 

Soldering temperature • time 

260 • 10 

®C • sec 

Pd 

Power Dissipation (Ta=70°C) 

1.0 

W 


D.C. OPERATING CONDITION 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

X 

> 

_j 

Input high voltage 

- 

2.0 

- 

< 

o 

o 

+ 

V 

ViL 

Input low voltage 

- 

-0.5 

- 

0.8 

V 

Vcc 

Power supply voltage 

- 

4.5 

- 

5.5 

V 


D.C. and OPERATING CHARACTERISTICS {Ta = O'^C ~ 70°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlH 

Input high current 

ViN = Vcc 

- 

0.01 

10 

HA 

III 

Input low current 

ViN = GND 

- 

-0.01 

-10 

fJiA 

VOH 

Output high voltage 

Iso URGE = —0.4mA 

2.4 

3.0 

~ 

V 

VoL 

Output low voltage 

IsiNK =2.1mA 

- 

0.2 

0.4 

V 

lOH 

Output high current 

VOUT =2.4V 

-0.4 

-3.0 

- 

mA 

lOL 

Output low current 

VoUT =0.4V 

2.1 

5.0 

- 

mA 

Ilo 

Output leakage current 

CS= 0.8V, CS = 2.0V 
VouT =0.4V to Vcc 


±0.01 

± 10 

HA 

Icc 

Supply current 

loUT = 0mA 

- 

40 

80 

mA 


*Ta =25°C, Vcc =5V 


A.C. CHARACTERISTICS {Ta = Q'^C - 70"C, Vcc = 5V± 10%, Cl = lOOpF, tr, tf = 20ns) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP.* 

MAX. 

UNIT 

tACC 

Access time 

tAC = 100ns 

_ 

270 

450 

ns 

tco 

Output delay time from chip select 

> 

o 

llV 

> 

o 

o 

i 

- 

80 

120 

ns 

tOD 

Output deselect time 

rl = loon 

0 

70 

100 

ns 

tRC 

Read cycle time 

- 

450 

- 

- 

ns 


* Ta =25®C, Vcc =5V 


CAPACITANCE (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input capacitance 

ViN = A. C. GND 

- 

4 

10 

PF 

Gout 

Output capacitance 

VoUT =A. C. GND 

- 

8 

15 

PF 


Note; This parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS 



PAPER TAPE FORMAT 


Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code. 
Format 1 (including Data and Check sum every word). 


NULL 

▼ TMM334P - XXXX ▼ 

CR LF 

▼ MSB = D 7 ▼ 

CR LF 
N 8 ; 

CR LF 

1 RuuuO; X07P3; . . . . ; XF1P5; 
CR LF 

CR LF 

R2040; X01P1; . . . ; X3AP4; 

CR LF 

(CSi =0) 

CR LF 
(CS 2 =1) 

CR LF 
(CS 3 = 0) 


CR LF 
$ 

CR LF 



Take NULL more than fifty characters. 

Contents in single quotation mark (^. . 7 ) indicates a comment and XXXX is a user's 
number. 

CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin. (D 7 or Do) 


N 8 indicates a 8 -bit mask pattern. 

Semicolon ( ; ) indicates a punctuation of data. 

R indicates an absolute address. Enter the address by decimal code every eight 
words. 

X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word. So enter a sum of one's number in a word by 
decimal code after P. 

Data modification: Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
allowed from 0 address to 2047 address. 


Customers can program the active logic of three chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 

The example is shown in Figure. In this example, chip is active under the condition 
that CSI = '0' and CS2 = '1' and CSS = 'O'. 


$ Indicates an End mark . 

Take NULL more then fifty characters. 


- 227 - 






TOSHIBA 


Format 2 (including Data only every word) 



NULL 


YTMM334P - XXXX^ 
CR LF 

▼ MSB = 07^ 

CR LF 
N8; 

CR LF 

RuuuO; X075A . . . 3BF1; 
CR LF 

R2032; XBCAE . . . 0085; 
CR LF 


R indicates an absolute address. Enter the address by decimal code every sixteen 
words. 

X indicates a hexadecimal code and so enter the* data of sixteen words continuously 
after X. 

Data modification; This procedure is following to Format 1. Otherwise specified in 
Format 1. 


(CSj = 0) 
CR LF 
(CSi = 0) 
CR LF 


Format 1 and Format-2 are Toshiba preferred Format. 
The other acceptable Format is Intel BNPF Format. 


(CS3 = 0) 

CR LF 

$ 

CR LF 
NULL 


OUTLINE DRAWINGS 


24 23 22 21 2019 18 17 I6 15 14 13 




„r|i rp r|i xji 


jrji, ,r|T iji rp rp 


■l|3 4 j Ljj Lfj T^TcIt 


l|j l|j ujj 


1 234 56 7 89 10 11 12 


Note: Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect 
to No. 1 and No. 24 leads. 

All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

©Mar., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4096 WORD X 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 


TMM333P 


DESCRIPTION 


The TMM333P is a 32,768 bits read only memory 
organized as 4,096 words by 8 bits. It is suitable for 
use in programming of production apparatus used 
micro processor because of its low cost per bit. 

The TMM333P's mask making is carried out by 
computer using punched paper tape data of customer 
and then sample manufacturing will start. Then for 
customer, 32,768 bits memory data and two chip 
select input active logic are programmable. 

Therefore the TMM333P manufacturing procedure 
goes through three steps before mass production. 
First step is a acceptance of customer's punched 
paper tape data. Second step is a presentation of 


programmed sample (Engineering Sample) for cus¬ 
tomers. Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc¬ 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

The TM1\/I333P is fabricated with ion implanted N- 
channel silicon gate technology. This technology 
allows a production of high performance. The TMM 
333P is moulded in a 24 pin standard plastic package. 


FEATURES 


• Single 5V supply voltage; Vcc ^ 5V± 5% 

• Access time; tACC'^450 ns. (Max.) 

• Directly TTL compatible; All inputs and outputs 

• Programmable chip select inputs; CSl, CS2, Easy memory expansion 

• Three state outputs; OR tie capability 

• Static operation; No clocks are required. 

• Input protected; All inputs have protection against static charge 

• Pin to pin compatible; TMS4732 


PIN CONNECTION 



PIN NAMES 


Aq ~ Ag 

Row address inputs 

A? ~ All 

Column address inputs 

Do ~ D 7 

Data outputs 

csi/^;cs2/^ 

Chip select inputs 

vcc 

Power supply terminal 

GND 

Ground 


BLOCK DIAGRAM 

Vcc gnd 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power supply voltage 

-0.5 ~ 7.0 

V 

V|N, VquT 

Input and output voltage 

-0.5 ~ 7.0 

V 

Topr 

Operating temperature 

0~70 

°C 

Tstg 

Storage temperature 

-55 ~150 

°C 

tsolder 

Soldering temperature • time 

260 • 10 

°C • sec 

__ 1 

Power Dissipation {Ta=70®C) 

1.0 

W 


D.C. OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input high voltage 

- 

2.0 

_ 

Vcc 1 

V 

ViL 

Input low voltage 

- 

-0.5 

- 

0.8 

V 

Vcc 

Power supply voltage 

- 

4.75 

5.0 

5.25 

V 


D.C. and OPERATING CHARACTERISTICS {Ta - 0"C ~ 70"C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlH 

Input high current 

V|N = Vcc 

- 

0.01 

10 

juA 

III 

Input low current 

V|N = GND 

- 

-0.01 

-10 

fjiA 

VoH 

Output high voltage 

Iso URGE = -0.4mA 

2.4 

3.0 

- 

V 

VoL 

Output low voltage 

ISINK =2.1mA 

—z— 

0.2 

0.4 

V 

lOH 

Output high current 

VOUT -2.4V 

-0.4 

-3.0 

-1 

mA 

lOL 

Output low current 

VOUT =0.4V 

2.1 

5.0 

1 

noA 

Ilo 

Output leakage current 

CS = 0.8V, CS = 2.0V 
VouT = 0.4V to Vcc 

- 

±0.01 

-1 

± 10 

HA 

Icc 

Supply current 

loUT = 0mA 

- 

60 

100 

mA 


*Ta =25°C, Vcc = 5V 


A.C. CHARACTERISTICS (Ta = OX ~ 70X, Vcc = 5V± 5%, C^ ^ lOOpF, tr, tf = 20ns) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP.* 

MAX. 

UNIT 

tACC 

Access time 

tAC ^ 100ns 

- 

300 

450 

ns 

tco 

Output delay time from chip select 

tAC ^ tACC 


120 

200 

ns 

too 

Output deselect time 

- 

0 

100 

150 

ns 

tRC 

Read cycle time 

- 

450 

- 

- 

ns 


* Ta = 25®C, Vcc =5V 


CAPACITANCE (Ta = 25X. f * 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

CiN 

Input capacitance 

Vin=A. C. GND 1 

- 

4 

10 

PF 

COUT 

Output capacitance 

VouT =A.C. GND 

- 

8 

15 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS 


PAPER TAPE FORMAT 

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code. 

Format 1 (including Data and Check sum every word). 

NULL Take NULL more than fifty characters. 

▼ TMM 333 P - xxxx ▼ Contents in single quotation mark . . 7 ) indicates a comment and XXXX is a user's 

number. 

CR LF CR and LF indicate carriage return and line feed respectively. 

▼ MSB = d 7 ▼ Specify MSB pin. (D 7 or Do) 

CR LF 

N 8 ; N 8 indicates a 8 -bit mask pattern. 

Semicolon ( ; ) indicates a punctuation of data. 

CR LF 

Ruuuo;xo 7 P 3 ; — ;XFiP 5 ; indicates an absolute address. Enter the address by decimal code every eight 

words. 

CR LF 

X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word. So enter a sum of one's number in a word by 
CR LF decimal code after P. 

R4088;xoiPi;...; X 3 AP 4 ; ^gta modification! Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
CR LF allowed from 0 address to 4095 address. 

(CSi=0) 

Customers can program the active logic of two chip select inputs independently. 

CR lf Specify the active logic of chip select input in the brackets. 

The example is shown in Figure. In this example, chip is active under the condition 
= 1 ) that CS 1 = '0' and CS2 = '1'. 

CR LF 
$ 

CR LF 
NULL 

~~~ $ Indicates an End mark . 

Take NULL more then fifty characters. 
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Format 2 (including Data only every word) 



CR LF 

Ruuuo; X 075 A ... 3 BF 1 ; R iodicates an absolute address. Enter the address by decimal code every sixteen 
words. 

CR LF 

X indicates a hexadecimal code and so enter the data of sixteen words continuously 
after X. 

Data modification; This procedure is following to Format 1. Otherwise specified in 

R4080;XBCAE...0085; Pormat 1 . 

CR LF 

(CSi = 0) 

Format 1 and Format 2 are Toshiba preferred Format. 

CR LF The other acceptable Format is Intel BNPF Format. 

(CS2 = 0) 


CR LF 



1 2 34 56 7 89 10 1112 



Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Sept.,1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4,096 WORD X 8 BIT MASK ROM 

IM-CHANNEL SILICON GATE 


TMM2332P 


DESCRIPTION 

The TMM2332P is a 32768-bit read only mennory 
organized as 4096 words by 8 bits with a low bit 
cost, thus being most suitable for use in programming 
of production apparatus using microprocessor. 

The TMM2332P features an automatic power down 
mode. When deselected by Chip Select (CS/CS), 
;'the device is in low power (IsB^ISmA MAX.) stand¬ 
by mode. This device feature results in system power 

FEATURES 

• Single 5V-Power Supply 

• Fast Access Time: 350ns (MAX.) 

• Low Power Dissipation 

Operating Current = 100mA (MAX.) 

Standby Current = 15mA (MAX.) 

® Power Down Feature: CS / CS 

• Programmable Chip Select: CS/CS 

• Output Buffer Control : OE 

• Easy memory Expansion : CS / CS 


saving in larger systems, where the majority of de¬ 
vices are deselected. 

The TMM2332P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2332P is moulded in a 24-pin standard 
plastic package. 


• Static Operation 

• Pin Compatible with 2732 Type EPROM and 
i2332 

• All Inputs and Outputs: 

Directly TTL Compatible 

• Three State Outputs: Wired OR Capability. 

• Inputs Protected: All inputs have protection against 
static charge. 


PIN CONNECTION 


BLOCK DIAGRAM 


A7I: 
A6C 
AsC 
A 4 Z 
AsC 
AaC 
AiC 
AoC 8 
DoC 9 
Di C 10 


02 0 


GNDdl2 


(TOP VIEW) 
_ 

2 

3 

4 

5 

6 
7 


11 


24lVcc 
23 3 As 

22 DAg 
21 

20 DOE 
19 DAio 
18 DCS/^ 
17 2 D 7 
16 DOe 
15 DDs 
14 3 D 4 
I 3 DD 3 


PIN NAMES 


Ao~Aii 

Address Inputs 

Do~D7 

Data Outputs 

CS/CS 

Chip Select Input 

OE 

Output Enable Input 

Vcc 

Power (+5V) 

GND 

Ground 


CS/CS 

OE 


A 7 

Ag 

Ag 

A10 

All 

Ao 

Ai 

A 2 

A3 

A4 

As 

Ae 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Voltage 

-0.5 ~ 7.0 

V 

VOUT 

Output Voltage 

-0.5 ~ 7.0 

V 

Tqpr 

Operating Temperature 

0~ 70 

°C 

Tstrg 

Storage Temperature 

-55~150 

°C 

TsoLDER 

Soldering Temperature*Time 

260-10 

°C-Sec 

Pd 

Power Dissipation (Ta = yO^C) 

1.0 

W 


D.C. OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

2.0 

- 

Vcc+TO 

V 

. V,L 

Input Low Voltage 

-0.5 

- 

0.8 

V 

< 

o 

n 

Power Supply Voltage 

4.5 

o 

LO 

cn 

V 


D.C. CHARACTERISTICS (Vcc = 5V±10%, T^ = 0~ 70°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N = 0~ Vcc 

- 

±0.02 

±10 

UiA 

Iqh 

Output High Current 

VoH = 2.4V 

-0.4 

-2.0 

- 

mA 

lOL 

Output Low Current 

VoL = 0.4V 

2.0 

4.0 

- 

mA 

Ilo 

_j 

Output Leakage Current 

OE = V|H or^ = V|H 

Vqut = 0.4V ~ Vcc 

_ 

±0.05 

±10 

HA 

•cc 

Operating Current 

col 

II 

< 

o 

o 

CO 

II 

< 

I 

- 


100 

mA 

ISB 

Standby Current 

CS = V|H or CS= V|L 

- 

- 

15 

mA 


CAPACITANCE (Ta = 0 ~ 70°C, f = IMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

< 

z 

II 

o 

< 


5 

10 

pF 

Cqut 

Output Capacitance 

Vqut = OV 


_ ^ 

15 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 


- 234 - 





TOSHIBA 


A.C. CHARACTERISTICS {Vcc=5V±10%, Ta=0~70°C) 



A.C. TEST CONDITIONS 

Input Rise and Fall Times ; 20ns 

Timing Measurement Reference Levels ; Input : 0.8V and 2.0V 

Output; 0.8V and 2.0V 

Output Load; 1-TTL Gate and C|_ = lOOpF 

A.C. TIMING WAVEFORMS 



Note: (1) CS and CS waveforms are sh( 


by dotted line and straight 


respectively. 









TOSHIBA 


ACCEPTABLE FORMAT 

Toshiba can accept programming and masking 
information for TI\/IM2332P in the form of punched 
paper tape with Intel BNPF format or master devices 
(EPROM). 


OUTLINE DRAWINGS 



Note; Each lead pitch is 2.54 mm. All leads are located within 0.25 mm longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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-TOSHIBA MOS MEMORY PRODUCTS 


64K BIT (8K WORD X 8 BIT) MASK ROM 

N CHANNEL SILICON GATE 


TMM2364P 


DESCRIPTION 

The TMM2364P is a 65536 bit read only memory 
organized as 8192 words by 8 bits with a low bit cost, 
thus being most suitable for use in programming of 
production apparatus using micro-processor. 

Consisting of static memory cells and clocked pe¬ 
ripheral circuitry, the TMM2364P provides a high 
speed and low power dissipation (access time 250ns, 
operating current 40mA). 

The TMM2364P also features an automatic stand¬ 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 


FEATURES 

• Single 5V ± 10% power Supply 

• Access Time; 250ns max. 

• Low Power Dissipation 

Average Current: 40mA max. 
Standby Current; 15mA max. 

• Input and Output: TTL Compatible 

• Three State Outputs; Wired OR Capability 


PIN CONNECTION 


PIN NAMES 


N.C.C 1 
A12C2 

AfiC 4 

As C 5 
A 4 C 6 
A 3 C 7 

Aj C 8 

A, C 9 
AoC 10 
DoC 11 
Di C 12 
□2 C 13 
GNDC 14 


28 : Vcc _ 
27 : CSi/CSi 
26 : CS 2 /CS 2 
25 : Ag 
24 D Ag 
3 2 


23 


3 ^0 
: CE 
3 D 7 
3 Da 
3 Ds 
3 D 4 
DD 3 


Ao ~ Ai 2 

Address inputs 

Do D 7 

Data outputs 

CS/^ 

Chip select inputs 

OE 

Output enable inpu 


Chip enable input 

N.C. 

No connection 

Vcc 

Power supply terminal 

GND 

Ground 


15mA. Output Enable (OE) is effective in preventing 
data confliction on a common bus line. 

The TMM2364P uses the address latch system that 
the falling edge of CE latches all inputs except for 
OE, thus can be easily connected to a system where 
address and data buses are commonly used. 

The TMM2364P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2364P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


• Edge Enabled Operation; CE 

• Output Buffer Control; OE 

• Programmable Chip Select: CSi, CS 2 

Easy Memory Expansion 

• Pin Compatible with i2364 

• Inputs protected; All inputs have protection 

against static charge. 

BLOCK DIAGRAM 


Vcc GND 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N. Vqut 

Input and Output Voltage 

-0.5 ~ 7.0 

V 

Tqpr 

Operating Temperature 

0~70 

°C 

Tstrg 

Storage Temperature 

-55 ~ 150 

°C 

Tsd 

Soldering Temperature • Time 

260 • 10 

°C ■ sec 

Pd 

Power Dissipation (Ta = 70®C) 

1.0 

W 


D.C. OPERATING CONDITIONS 


SYMBOL 

PARAMETER | 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

- 

2.2 


Vcc 1 

V 

V|L 

Input Low Voltage 

- 

-0.5 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

- 

4.5 

5.0 

5.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|H 

Input High Current 

V|N =5.5V 

- 

0.05 

10 

fiA 

l|L 

Input Low Current 

V|N =GND 


-0.05 

-10 

HA 

Vqh 

Output High Voltage 

Iqh - — 400iLtA 

2.4 

3.3 

- 

V 

Vql 

Output Low Voltage 

Iql ~ 3.2mA 

- 

0.3 

0.4 

V 

Iloh 

Output Leakage Current 

Vqut = 5.5V 

CE =2.2Vor 

OE =2.2V 

- 

0.05 

10 

UiA 

■lol 

VoUT ~ 0.4V 

- 

-0.1 

-20 

fiA 

Icci 

Standby Current 

CE =2.2V 

- 

8 

15 

mA 

•cC 2 

Average Current 

■tCYC ~ 350ns, Iqut ~ 0mA 

- 

20 

40 

mA 


* Typical values are at Ta = 25°C and \/cc ~ 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vqc = 5V± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX, 

UNIT 

^CE 

CE pulse width 

- 

250 

- 

- 

ns 

tAS 

Address Setup Time 

_ 

0 

- 

- 

ns 

tAH 

Address Hold Time 

- 

50 

- 

- 

ns 

tACC 

Access Time 


- 

150 

250 

ns 

too 

Output Delay Time from OE 


- 

■ 

50 

120 

ns 

too 

Output Turn off Delay 

- 


40 

70 

ns 

tcc 

CE off Time 

- 

90 

- 

- 

ns 

tCYC 

Cycle Time 

tAS = 0ns, tr,tf=5ns 

350 

- 

- 

ns 


• Typical values are at Ta = 25°C and = 5V. 


A.C. TEST CONDITIONS 

• Output Load: ITTL Gate + lOOpF 

• Input Rise and Fall Times (10% ~ 90%); 5ns 

• Input Pulse Levels: 0.8 ~ 2.4V 

• Timing Measurement Reference Levels: Input; IV and 2.2V 

Output; 0.8V and 2.0V 





TOSHIBA 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = A.C. GND 

- 

5 

10 

pF 

CoUT 

Output Capacitance 

VouT = A.C. GND 

- 

8 

15 



Note: This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 



Note (1) to0 is specified from OE or CE, whichever occurs first. 
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TOSHIBA 


OPERATION MODE 


CE 

CSi, CS 2 , Address 

OE 

OUTPUT 

MODE 

H 

(1) 

(1) 

High Z 

Standby 

— 1 _ 

Valid 

(1) 

High Z 

Latch 

L 


L 

Data out 

Read 


Note(l) Don't care 

(2) CSj, CS2, Address may change after t^H- 


APPLICATION INFORMATION 
1. POWER SUPPLY DECOUPLING 

The operating current Ice waveforms for TMM2364P are shown in Fig. 

1 , 2 . 

The TMM2364P is a clocked device, so the transient current peaks are pro¬ 
duced on the CE transition and CE active level. 

The Ice current transients require adequate decoupling of Vec power 
supply. 


1 cycle 



r 

n 




-fi 


Af 

-t 

i I 


i i 

T t 

u 


VI 1 1 


0 100 200 300 400 500 


Time (ns) 

Fgi. 1 Ice (CS: Select) 


2. POWER ON 

The TMM2364P requires initialization prior to. normal operation. Two 
initialization methods are as follows; 

(1) A minimum lOO/us time delay is required after'the application of 
Vec (+5V) before proper device operation is achieved. And during 
this period, CE must be at V|h level. 

(2) A minimum IOOms time delay is required after the application of 
Vec (5V), and then a minimum of one initialization cycle must be 
performed before proper device operation is acheived. 



O 100 200 300 400 500 


Time (ns) 

Fig. 2 Ice vs time (CS: Deselect) 


Initialization cycle: An initialization cycle is one Chip Enable clock cycle from the first down edge of the 
CE till the next down edge. 
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TOSHIBA 


TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8 -bit (even parity) ASCII code paper Tape for ROM data input. 

Two acceptable formats which are described in section A and B are available. 


A. Format 1 (when a check sum per word is used) 



Preceding the first data field and following the last data field there must 
be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark (,.,) signify a comment and 

□ □ □ □ indicates a four-digit user pattern number. 

J indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (D 7 or Do) 
N 8 indicates that the mask pattern is an 8 -bit pattern. 

Semicolon ( ; ) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8 -words after the character R. 

X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every'word after the 
character X. 

P signifies the check sum per word. 

Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 

Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting the data following the 
above procedure before the end symbol. 

JVlodification can be allowed from 0 to 8191 addresses. 

Specify the active logic of chip selects (CSj and CS 2 ) in the parentheses 
respectively. 

Enter "I” and ''O'' when active at high and low levels, respectively. 

An example is shown in the left figure. 

In fhis example, the device is selected under the condition that CSi and 
CS 2 are at high and low levels, respectively. 

$ signifies the End symbol. 
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TOSHIBA 


Format 2 (When a check sum per word is not used) 


'TMM2364P-nnnn j 
'MSB = J 
N8; J 

RDDDO; X7F5A.39E5; ^ 

rDDiS ; X108C.B241; / 

Rnn32 ; X2DBA .... 36C7; / 


R signifies an address. 

Enter the address with the four decimal digits every sixteen words after 
the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1. 


R8160;X1EC5.31DE; y 

R8176;X4DA6 ....1BA4; J 

(csi = 1) y 
{CS2 = 0) y 


In addition Toshiba can also accept programming and masking information for TMM2364P in the form 
of punched paper tape with Intel BNPF format or master devices (EPROMs). 
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ind No. 28 leads. 


Note: Toshiba does not assume any responsibility for use of any 
the right, at any time without notice, to change said circuitry. 
©Aug., 1980 Toshiba Corporation 


circuitry 
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TOSHIBA MOS MEMORY PRODUCTS 


64K BIT {8K WORD x 8BIT) MASK ROM 

N-CHANNEL SILICON GATE 


TMM2365P 


DESCRIPTION 

The TMM2365P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro¬ 
processor. 

The TMM2365P is fully compatible with a 64 K 
bits EPROM TMM2764D, so completely replace 
EPROM socket. 

The TMM2365P also features an automatic stand¬ 
by power mode. Wheh deselected by Chip Enable 

FEATURES 

• Single 5V power Supply 

• Access Time; 200ns max. 

• Power Dissipation 

Average Current: 100mA max. 

Standby Current: 25mA max. 

• Input and Output: TTL Compatible 


(CEi ~ 3 /CE 1 ^ 3 ), the operating current is reduced 
from 100mA (MAX) to 25mA(MAX). Output Enable 
(OE) is effective in preventing data confliction of a 
common bus line. 

The TMM2365P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2365P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


• Three State Outputs: Wired OR Capability 

• Output Buffer Control: OE 

• Programmable Chip Enable; CEi/CEi, CE 2 /CE 2 

CE3/^3 

Easy Memory Expansion 

• Compatible with 64K EPROM TMM2764D 


PIN CONNECTION 


N. C 

c 

1 

“W 

28 

□ Vcc 

Aj 

d 

2 


27 

□ CEi/CEj/NC 

A7 

c 

3 


26 

IICE2/CE2/NC 

Ae 

c 

4 


25 

□ Ag 

As 

□ 

5 


24 

□ Ag 

A4 

c 

6 

§ 

23 

□ An 

A3 

c 

7 

> 

22 

□ OE 

A2 

c 

8 

Q. 

21 

□Aio 

Ai 

c 

9 

0 

H 

20 

□ CE3/CE3 

Ao 

c 

10 


19 

□ D7 

Dp 

c 

11 


18 

□ Dp 

□ i 

c 

12 


17 

□ Ds 

D2 

c 

13 


16 

□ D4 

GND 

c 

14 


15 

□ D3 


PIN NAMES 


Ap ~ Ai 2 

Address inputs 

Dp ~ D 7 

Data outputs 


Output enable input 

CEi/CE^,CE 2 / 

CE 2 ,CE 3 /CE 3 

Chip enable inputs 

N. C. 

No connection 

Vec 

Power supply terminal 

GND 

Ground 


BLOCK DIAGRAM 


Vcc GND 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N- VouT 

Input and Output Voltage 

-0.5 ~ 7.0 

V 

Tqpr 

Operating Temperature 

0~70 

°C 

Tstg 

Storage Temperature 

-55~150 


Tsd 

Soldering Temperature * Time 

260 • 10 

°C • sec 

Pd i 

Power Dissipation (Ta = 70°C) 

1.0 

W 


D.C. OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

- 

2.0 

- 

Vcc+”l 

V 

V|L 

Input Low Voltage 

- 

-0.5 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

- 

4.5 

5.0 

5.5 

V 


D.C. and OPERATING CHARACTERISTICS {Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

l|H 

Input High Current 

V,N = 5.5V 

- 

10 

AtA 

l|L 

Input Low Current 

V|N = GND 

- 

-10 

fJLA 

Vqh 

Output High Voltage 

loH = -400AtA 

2.4 

- 

V 

VoL 

Output Low Voltage 

Iql ~ 3.2mA 

- 

0.4 

V 

Ilo 

Output Leakage Current 

OV < VouT ^ Vcc 

-10 

10 

fiA 

Icci 

Standby Current 

^ = 2.0V, CE = 0.8V 

- 

25 

mA 

ICC2 

Average Current 

tcYC“200nS, Iout~0 '^A 

- 

100 

mA 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vcc = 5V ± 10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

^ACC 

Access Time 

- 

200 

ns 

tCE 

Output Delay Time from CE/CE 

- 

200 

ns 

tOE 

Output Delay Time from OE 

- 

70 

ns 

tOD 

Output Turn off Delay 

- 

60 

ns 

tCYC 

Cycle Time 

200 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load ; 1TTL Gate + lOOpF 

• Input Rise and Fall Times (10% ~ 90%) : 5 ns 

• Input Pulse Levels ; 0.8 ~ 2.2V 


• Timing Measurement Reference Levels ; 

Input ;1Vand2.0V 
Output; 0.8V and 2.0V 
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TOSHIBA 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 1 MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = A.C. GND 

- 

8 

pF 

CouT 

Output Capacitance 

VoUT = A.C. GND 

- 

10 

PF 


Note: This parameter is periodicaily sampled and is not 100% tested 


TIMING WAVEFORMS 



Note: tQQ is specified from OE or CE/CE, whichever occurs first. 

POWER ON 

The TMM2365 has self substrate-bias generator required after the application of Vcc (4.5 ~ 5.5V) 

internally. So a minimum lOO/us time delay is before proper device operation is achieved. 
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OUTLINE DRAWINGS 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 Unit in mm 



1 234567 8 9 10 11 12 13 14 



Note; Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves- 
the right, at any time without notice, to change said circuitry. 

(c) Feb., 1983 Toshiba Corporation 


- 248 - 




TOSHIBA MOS MEMORY PRODUCTS 


64K BIT (8K WORD x 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE MOS 


TMM2366P 


DESCRIPTION 

The TMM2366P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro¬ 
processor. 

The TMI\/I2366P also features an automatic standby 
power mode. When deselected by Chip Enable (CE/ 
CE), the operating current is reduced from 100mA 
(MAX) to 25mA (MAX). 


FEATURES 

• Single 5V power Supply 

• Access Time; 200ns max. 

• Power Dissipation 

Average Current: 100mA max. 
Standby Current: 25mA max. 


The TMM2366P is fabricated with ion implanted 
N-channel silicon gate technology. 

This technology allows a production of high perform¬ 
ance. 

The TMM2366P is moulded in a 24 pin standard 
plastic package, 0.6 inch in width. 


• Input and Output; TTL Compatible 

• Three State Outputs: Wired OR Capability 

• Programmable Chip Enable: CE/CE 

• Compatible with TMS4764 


PIN CONNECTION 


BLOCK DIAGRAM 



PIN NAMES 


Aq ~ Ai2 

Address inputs 

Do D7 

Data outputs 

CE/CE 

Chip enable input 

Vcc 

Power supply terminal 

GND 

Ground 


Vcc GND Do D, D 2 Da D4 Ds Dg D7 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

Vin.Vqut 

Input and Output Voltage 

-0.5 ~ 7.0 

V 

Tqpr 

Operati ng. Temperatu re 

0~70 

°C 

Tstrg 

Storage Temperature 

-55 ~ 150 

°C 

Tsd 

Soldering Temperature Time 

260 *10 

°C • sec 

Pd 

Power Dissipation (Ta = 70°C) 

1.0 

W 


D.C. OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

1 CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

Input High Voltage 

- 

2.0 

- 

Vcc+1 

V 

V,L 

Input Low Voltage 

- 

-0.5 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

1 _ Z _ 

4.5 

5.0 

5.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

l|H 

Input High Current 

V,N = 5.5V 

- 

10 

ma 

l|L 

Input Low Current 

V|N = GND 


-10 

ma 

Vqh 

Output High Voltage 

Iqh “ —400^1 A 

2.4 

- 

V 

Vql 

Output Low Voltage 

lOL = 3.2mA 

- 

0.4 

V 

'lo 

Output Leakage Current 

OV ^ Vqut ^ Vcc 

-10 

10 

AtA 

•cci 

Standby Current 

CE = 2.0V, CE = 0.8V 

- 

25 

mA 

ICC2 

Average Current 

tCYC “ 200ns, louT 

- 

100 

mA 
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A.C. CHARACTERISTICS (Ta = 0 70°C, Vcc = 5V ±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Access Time 

- 

200 

ns 

tCE 

Output Delay Time from CE/CE 

- 

200 

ns 

too 

Output Turn off Delay 

- 

60 

ns 

tCYC 

Cycle Time 

200 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load ; ITTL Gate + lOOpF 

• Input Rise and Fall Times (10% ~ 90%) : 5 ns 

• Input Pulse Levels ; 0.8 ~ 2.2V 

• Timing Measurement Reference Levels ; Input; IV and 2.0V 

Output; 0.8V and 2.0V 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

C|N 

Input Capacitnace 

V|N = A.C. GND 


8 

pF 

CoUT 

Output Capacitance 

VoUT ^ A.C. GND 

1 _ z _: 

10 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 



POWER ON 

The TMM2366 has a self substrate-bias generator required after the application of Vcc (4.5 ~ 5.5V) 

internaly. So a minimum 100 iis time delay is before proper device operation is achieved. 
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OUTLINE DRAWING 


24 23 22 21 20 19 18 1 7 16 1 5 14 13 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm longituidnal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 


Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba 
the right, at any time without notice, to change said circuitry. 

© Feb., 1983 Toshiba Corporation 


Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 


16,384 Word x 8 Bit Mask ROM 

N-CHANNEL SILICON GATE MOS 


TMM23I28P 


FEATURES 

• Fully Static Operation 

• 16,384 word x 8 bit Structure 

• Single 5V Power Supply 

• tACC = 200 ns max. 

• Topr = 0 ~ 70°C 

• Ice ope = 80 mA max. 

• Ice sby = 20 mA max. 


PRELIMINARY 


• Input and Output: TTL Compatible 

• Three State Outputs 

• Programmable Chip Select 

• Pin compatible with EPROM TMM27128 

• 28 pin 600 mil. Width DIP Plastic Package 


PIN CONNECTION 


BLOCK DIAGRAM 


NC 

A12 

A7 

A 6 

As 

A4 

A3 

A2 

Ai 

Ao 

Do 

Dl 

D2 

GND 


(TOP VIEW) 


1 28 

2 27 

3 26 

4 25 

5 24 

6 23 

7 22 

8 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 


vec 

CSi/CS i/NC 
A13 

Ag 

A9 

An 

OE 

A10 

CS 2/^2 

07 

D 6 

Ds 

04 

D3 



PIN NAMES 


Ao Ai3 

Address Inputs 

□ o ~ D 7 

Data Outputs 

CSi ~ 2/OS 1 ~ 2 

Chip Select Inputs 

OE 

Output Enable Input 

N.C. 

No Connection 

Vec 

5 V Power Supply 

GND 

Ground 
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Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are irnplied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Nov., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TMM23256P 256K BIT (32K WORD x 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE 


TMM23256P 


DESCRIPTION 

The T[V1I\/123256P is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, thus being most suitable for use in 
character generator. 

Consisting of static memory cells and clocked pe¬ 
ripheral circuitry, the TI\/1M23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA). 

The TMM23256P also features an automatic stand¬ 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 

FEATURES 

• Single 5V Power Supply 

• Fast Access Time ; 150ns (Max.) 

• Low Power Dissipation 

Average Current ; 40mA (Max.) 

Standby Current : 10mA (Max.) 

• Inputs protected : All Inputs have Protection 

Against Static Charge 
PIN CONNECTION 


N.C.C 1 

A12C 2 

AvC 3 
AeC 4 
AsC 5 
A 4 C 6 
A 3 C 7 
A 2 E 8 
AiC 9 
AoC 10 
DoC 11 
DlC 12 
D 2 II 13 
GNDC 14 


28 IJVcc 

27 3 A 14 
26 3Ai3 
25 DAg 
24 3A9 
23 3A11 

22 3 oi 
21 3 A 10 
20 3 cl 

19 307 
18 3 D 6 
17 3Ds 
16 3 D 4 
15 3 D 3 


PIN NAMES 


Ao ~ Ai 4 

Address Inputs 

Do ~ D 7 

Data Outputs 


Output Enable Input 


Chip Enable Input 

N.C. 

No Connection 

Vcc 

Power Supply Terminal 

GND 

Ground 


10mA. Output Enable (OE) is effective in preventing 
data confliction on a common bys line. 

The TMM23256P uses the address latch system 
that the falling edge of CE latches all inputs except 
for OE, thus can be easily connected to a system 
where address and data buses are commonly used. 

The TMM23256P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production on high performance. 

The TMM23256P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 


• Edge Enabled Operation : CE 

• Output Buffer Control : OE 

• Input and Output ; TTL Compatible 

• Three State Outputs ; Wired OR Capability 

• 28 pin Standard Plastic DIP 

BLOCK DIAGRAM 


Vcc GND 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N - Vqut 

Input and Output Voltage 

-0.5 ~ 7.0 

V 

Tqpr 

Operating Temperature 

0-70 

°C 

TsTRG 

Storage Temperature 

-55-150 

°C 

TsOLDER 

Soldering Temperature • Time 

260 • 10 

°C • sec 

__ 1 

Power Dissipation (Ta = 70°C) 

1.0 

W 


D.C. OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

V|H 

1 nput High Voltage 


2.2 

- 

Vcc + 1 

V 

V|L 

Input Low Voltage 

- 

-0.5 

- 

0.8 

V 

Vcc 

Power Supply Voltage 

- 

4.5 

5.0 

5.5 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|H 

Input High Current 

V|N = 5.5V 


0.05 

10 

ma 

l|L 

Input Low Current 

V,N = GND 

- 

-0.05 

-10 

iuA 

Vqh 

Output High Voltage 

Iqh == —400juA 

2.4 

3.3 


V 

Vql 

Output Low Voltage 

loL = 3.2mA 

- 

0.3 

0.4 

V 

Iloh 

Output Leakage Current 

VouT = 5.5V 

CE = 2.2V or 

- 

0.05 

10 

HA 

Ilol 

Vqut 0-4V 

OE = 2.2V 

- 

-0.1 

-20 

fiA 

Icci 

Standby Current 

CE = 2.2V 

- 

- 

10 

mA 

ICC2 

Average Current 

ICYC ~ 230ns, louT 0mA 

- 

- 

40 

mA 


• Typical values are at Ta = 25°C and Vcc 5V. 


CAPACITANCE (Ta = 25°C, f - 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Qn 

Input Capacitance 

V|N = A.C. GND 

- 

5 

10 

PF 

Cqut 

Output Capacitance I 

Vqut = A.C. GND 

- 

8 

15 

PF 


Note : This parameter is periodically sampled and is not 100% tested. 


- 256 - 






A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

tCE 

CE pulse width 

tAS 

Address Setup Time 

tAH 

Address Hold Time 

tACC 

Access Time 

too 

Output Delay Time form OE 

too 

Output Turn off Delay 

tcc 

CE off Time 

tCYC 

Cycle Time 


(Ta = 0 ~ 70 C, Vcc = 5V ± 10%) 

ER I CONDITIONS 


IaS ” tr, tf = 5ns 


TOSHIBA 


MIN. 

TYP. 

MAX. 

UNIT 

150 

- 

- 

ns 

0 

- 

- 

ns 

30 

- 

- 

ns 

- 

- 

150 

ns 

- 

- 

70 

ns 

- 

- 

70 

ns 

70 

- 

- 

ns 

230 

- 

- 

ns 


Typical values are at Ta = 25''C and Vcc = 5V. 


A.C. TEST CONDITIONS 

• Output Load : 1TTL Gate + 10OpF 

• Input Rise and Fall Times (10% ~ 90%) ; 5ns 

• Input Pulse Levels : 0.8 ~ 2.4V 

• Timing Measurement Reference Levels : Input 

Output , 


IV and 2.2V 
0.8V and 2.0V 


TIMING WAVEFORMS 


ADDRESS MAY CHANGE 


^AS , I tAH 


tOoD) 


Noted) tQQ is specif ied from OE or CE, whichever occurs fir 









TOSHIBA 


OPERATION INFORMATION 

The TI\/IM23256P has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. The falling 
edge of the CE will activate the device and latch the 
addresses. The output enable (OE) control the out¬ 


put buffers, independent of device selection. Assum¬ 
ing that OE = V|L, the output data is valid at the 
outputs after tACC (150ns) from the falling edge of 
the CE. 


The operation modes of the TMM23256P are listed in the following table. 


MODE 

CE 

ADDRESS 

OE 

OUTPUT 

POWER 

Standby 

H 

* 

* 

High Impedance 

Standby 

Latch 


Valid 

* 

High Impedance 

- 

Read 

L 

** 

L 

Data Out 

Active 

Output Deselect 

L 

* 

H 

High Impedance 

Active 


Note * : Don't care 

** : Address may change after tAH- 
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APPLICATION INFORMATION 

1. POWER SUPPLY DECOUPLING 

The operating current Ice waveforms for TMM 
23256P are shown in Fig. 1,2. 

The TI\/I1\/I23256P is a clocked device, so the tran¬ 
sient current peaks are produced on the CE transition 
and CE active level. 

The Ice current transients require adequate de¬ 
coupling of Vec power supply. 

2. POWER ON 

The TI\/1M23256P requires initialization prior to 
normal operation. Two initialization methods are as 
follows; 

(1) A minimum ^00^lS time delay is required 
after the application of Vec (+5V) before 
proper device operation is achieved. And dur¬ 
ing this period, CE must be at V|h level. 

(2) A minimum IGOjus time delay is required 
after the application of Vec (5V), and then a 
minimum of one initialization cycle must be 
performed before proper device operation is 
acheived. 

Initialization cycle ; An initialization cycle is one 
Chip Enable clock cycle from the first down edge of 
the CE till the next down edge. 


1 cycle 




iiq 

rS 

1 

ii 

■ 

■ 

H 

niiii 

M 

B 

in 


1 

1 

SB 

■■■I 


1 100 200 300 400 500 

Time (ns) 


rig- 1 'CC Time (1) 



Fig- 2 Ice vs. Time (2) 
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OUTLINE DRAWINGS 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 

n n n n n. n.n n..n n .. ra n. n n 


R1.5 


^ 5 



c 



3 ^ 


u u u u LJ-aizmu u u u u 'u 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 




All leads are located within 0.25 mm of their true lingitudinal position with respect to No. 1 and No. 28 leads. 


Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are irnplied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

©Nov., 1981 Toshiba Corporation 
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MOS Mask Programble Read Only Memory 
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TOSHIBA 


32 K Bit CMOS MASK ROM COMPARISON TABLE 

PIN CONFIGURATION 



Operation Mode Table 



TC5332P 

TC5333P 

Pin Name 
Number 

CE/CE 

(18) 

OE 

(20) 

Addresses 

Outputs 

Power 

CE 

(18) 

OE 

(20) 

Addresses 

Outputs 

Power 

Address Latch 







* 

Valid 

High-Z 

- 

Read 

H/L 

L 

Valid 

Dout 

Active 

L 

L 

* 

Dout 

Active 

Standby 

L/H 

* 

* 

High-Z 

Standby 

H 

* 

* 

High-Z 

Standby 

Output Deselect 

H/L 

H 

* 

High-Z 

Active 

L 

H 

* 

High-Z 

Active 

Operation Mode 

Fully Static Operation (Asynchronous Type) 

Address Latched Operation (Synchornous Type) 



TC5334P 

TC5335P 

Pin Name 
^\Tiumber 

CEi/CEi 

(20) 

CE2/CE2 

(21) 

Addresses 

Outputs 

Power 

CE 

(20) 

OE 

(21) 

Addresses 

Outputs 

Power 

Addresses Latch 






~L_ 

* 

Valid 

High-Z 

- 

Read 

H/L 

H/L 

Valid 

Dout 

Active 

L 

L 

* 

Dout 

Active 

Standby 1 

L/H 

* 

* 

High-Z 

Standby 

H 

* 

* 

High-Z 

Standby 

Standby 2 

* 

L/H 

* 

High-Z 

Standby 






Output Deselect 


_ 




L 

H 

* 

High-Z 

Active 

Operation Mode 

Fully Static Operation (Asynchronous Type) 

Address Latched Operation (Synchronous Type) 
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TOSHIBA MOS MEMORY PRODUCTS 


4K WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 


TC5332P 


DESCRIPTION 

The TC5332P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V sup¬ 
ply. 

The TC5332P has a programmable chip enable 
input (CE/CE) for device selection and a output 
enable input (OE) for fast access and output control. 
The maximum access times from address and chip 
enable are both 450 ns. 

FEATURES 

• Access Time; 450ns 

• Low Power Dissipation 

(Max.) ; Operating 
lpD 3 = 20juA (Max.) ; Standby 

• All Inputs and Outputs: TTL Compatible 

• Three state outputs 

PIN CONNECTION (top view) 



PIN NAMES 


Ao ~ All 

ADDRESS INPUTS 

Do D7 

DATA OUTPUTS 

CE/^ 

CHIP ENABLE INPUT 

OE 

OUTPUT ENABLE INPUT 

Q 

□ 

> 

POWER (+ 5 V) 

1 GND 

GROUND 


The TC5332P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equiva¬ 
lent. The TC5332P's maximum operating and stand¬ 
by current is 7mA and 20iLiA, respectively. Thus the 
TC5332P is most suitable for use in low power 
applications such as battery operated system. 

The TC5332P is molded in a 24 pin standard 
plastic package. 


• Fully Static Operation _ _ 

• Two Control Functions: CE/CE, OE 

• Programmable Chip Enable: CE/CE 

• Output Control; OE 

• Pin Compatible with TMM2332P and TMM2732D 

• Standard 24 pin Plastic Package 

BLOCK DIAGRAM 


Vq0 gnd 
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TOSHIBA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

ViN 

Input Voltage 

-0.3V ~ 7.0V 

Vqut 

Input/Output Voltage 

0V~Vdd 

Pd 

Power Dissipation (Ta = 85°C) 

0.8W 

Tstg 

Storage Temperature 


Tqpr 

Operating Temperature 

-40°C~85°C 

Tsolder 

Soldering Temperature • Time 

260°C-10sec 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta =-40"C - 85"C) 


aVMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

□ 

Q 

> 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd+0-3 

V 

V|L 

Input Low Voltage 

-0.3 

I 

0.8 

V 


D.C. CHARACTERISTICS (Ta =-40"C - 85"C, Vdd = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Load Current 

0 ^ V|N ^ Vdd 

- 

- 

±1.0 

/iA 

'lo 

Output Leakage Current 

CE = V|l (^ = V|h),0VSVo„,<Vod 

- 

- 

±5.0 

HA 

•oh 

Output High Current 

VoH = 2.4V 

-1.0 

-4.0 

- 

mA 

■OL 

Output Low Current 

Vql = 0.4V 

2.0 

4.0 

- 

mA 

•ddsi 

I Standby Supply Current 

CE = 0.8V (^ = 2.2V) 

- 

0.5 

2.0 

mA 

IdDS2 

CE = 0.2V (^ = Vdd -0.2V) 

- 

0.05 

20 

MA 

•ddoi 

Operating Supply 

Current 

CE= V,H (^ = V,L),t,y, = 1/is, 

V|N = V|h/V|i_, lout = 0mA _ 

- 

6.0 

10.0 

mA 

•dD02 

CE = Vdd (^ = 0 V),tcyc = 1/iS, 

V|N = Vdd/GND, lout ~ 0mA 

- 

4.0 

7.0 

mA 


Note: Typical values are at Ta = 25°C, N/qq = 5V. 


CAPACITANCE 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

- 

5 

10 

PF 

O'out 

Output Capacitance 

- 

5 

10 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS {Ta = -40 - 85"C, VpD = 5V ± 10%) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Ucc 

Address Access Time 

- 

_ 

450 

ns 

tCE 

Chip Enable Access Time 

- 

- 

450 

ns 

tOE 

Output Enable Access Time 

- 

- 

150 

ns 

^OD 

Output Desable Time 

- 

_ 

100 

ns 

^CYC 

Cycle Time 

450 

- 

_I_1 

ns 


A.C. TEST CONDITIONS 

• Output Load ; 100pF + 1TTL Gate 

• Input Pulse Levels ; 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input ; 0.8V and 2.2V 

Output ; 0.8V and 2.2V 

• Input Pulse Rise and Fall Times : 10ns 


TIMING WAVEFORMS 



^CYC 1 


--- 1 


Address Stable yH 



1 1:aCC I 

r 








)< 

1 


tCE 


tOD 








s 



^OE 



C -! 

Output Data Valid 

c_: 




OPERATION MODE 


MODE 

CE/CE 

OE 

ADDRESS 

OUTPUTS 

Read 

H(L) 

L 

Valid 

Data out 

Standby 

L (H) 

* 

-1 

HighZ 


: Don't care 
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TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8 -bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are avail¬ 
able. 

A. Format 1 (when a check sum per word is used) 


NULL 
TC5332P-aDnn I 

'MSB = 07 ' J 
N 8 ; J 


RDDDO; X7FP7; . . 
Rnnn 8 ; X38P3; . . 
R □□16; X10P1; . . 


. . ; X07P3; ^ 
. . ; XE5P5;>^ 
. . ; XdBPb J 


R4080; X4DP4; . . . . ; X8BP5; ^ 
R4088; X2CP3; . . . . ; XA 4 P 3 ,V 

(CS = ^)J 


$ ^ 

NULL 


Preceding the first data field and following the last data field there must be 
a leader/trailer length of a least 50 null characters. 

Contents in a single quotation mark (,.,) signify a comment and 

□ □ □ □ indicates a four-digit user pattern number. 

J indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (D 7 or Dq) 
N 8 indicates that the mask pattern is an 8 -bit pattern. 

Semicolon ( ;) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits every 
8 -words after the character R. 

X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the charac¬ 
ter X. 

P signifies the check sum per word. 

Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 

Modifying single and continuous word data can be carried out by specify¬ 
ing the modifying addresses and inputting the data following the above 
procedure before the end symbol. 

Modification can be allowed from 0 to 4095 addresses. 

Specify the active logic of chip enable CE/CE (18PIN) in the parentheses. 
Enter CS = 1 and CS = 0 when active logic of chip enable is at high and low 
levels, respectively. 

An example is shown in the left figure. _ 

In this example the device is selected under the condition that CE/CE is 
at high level. 

$ signifies the End symbol. 
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B. Format 2 (When a check sum per word is not used) 



TC5322P-nnDn; 
*MSB “ D 7 ^ 

N 8 ; ; 

R □□□0; X7F5A .... 39E5; ^ 
R □□16; X108C .... B241; } 
R □□32; X2DBA .... 36C7; } 


R4064;X1EC5 ....31DE;; 
R4080; X4DA6 .... 1 BA4; } 


(CS =1); 
$; 

null; 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words after the 
character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1. 


In addition, Toshiba can also accept programming and masking information for TC5332P in the form of punched 
paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 


24 23 22 21 201918 17 161514 13 


- c|~Lr[~i r|i r|i r}T-i|i. 

A _ . . . 


1 X 

3 < 

2 

h±i"L|j lIj i|j-4r4i) 

'Tjjljj ijj tjj ijj ijj 

CM 

3 ^ 


1 23456 789 101112 








.0,0. 1 

17.4 MAX. 


Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 

© Spt. 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 


TC5333P 


DESCRIPTION 

The TC5333P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5333P has a chip enable input (CE) for 
device selection and a output enable input (OE) 
for fast memory access and output control. And the 
TC5333Puses the address latch system that the falling 
edge of CE latches all inputs except for OE, thus 
can be connected to a system where address and data 
buses are commonly used. The maximum access 

FEATURES 

• Access Time: 450 ns 

• Low Power Dissipation 

IddO ^ 7mA (Max.) : Operating 
Idds =20juA (Max.) ; Standby 

• All Inputs and Outputs; TTL Compatible 

• Three State Outputs 

PIN CONNECTION (TOP VIEW) 



PIN NAMES 


Ao - Ai 1 

Address Inputs 

Dq L*7 

Data Outputs 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vdd 

Power (+5V) 

GND 1 

Ground 


time from chip enable is 450 ns. 

The TC5333P is pin compatible with the Industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equi¬ 
valent. The TC5333P's maximum operating and 
standby current is 7 mA and 20 juA, respectively. 
Thus the TC5333P is most suitable for use in low 
power applications such as battery operated system. 

The TC5333P is moulded in a 24 pin standard 
plastic package. 


• Two Control Functions: CE,OE 

• Address Latches: 

• Output Control: OE 

• Pin Compatible with TMM2332P and TMM2732D 

• Standard 24 pin Plastic Package 


BLOCK DIAGRAM 

^DD GND 


1 ? 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V ~ 7.0V 

Vqut 

Output Voltage 

OV ~ Vdd 

Pd 

Power Dissipation (Ta =85°C) 

0.8W 

Tstg 

Storage Temperature 

-55®C-150°C 

Tqpr 

Operating Temperature 

-40°C~85°C 

TsOLDER 

Soldering Temperature • Time 

260°C • 10 sec 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -40"C ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

1 

qI 

Qi 

>i 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd+0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

o 

bo 

V 


D.C. CHARACTERISTICS {Ta - --40°C 85*^0, Vdd = 5V ±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Load Current 

O^VinSVdd 

- 

- 

±1.0 

ma 

•lo 

Output Leakage Current 

CE =V|H,OVgVou,gVDD 

- 

- 

±5.0 

ma 

Iqh 

Output High Current 

VoH = 2.4V 

-1.0 

-4.0 

- 

mA 

'ol 

Output Low Current 

Vol=0.4V 

2.0 

4.0 

- 

mA 

bDSI 

Standby Supply Current 

CE =2.2V 

other inputs = Vm or V|i_ 

- 

2.0 

5.0 

mA 

'dDS2 

^ = Vdd -0-2V 

other inputs = 0.2V or Vdd —0.2V 

- 

0.05 

20 

ma 

■ddoi 

1 

Operating Supply 

CE = V|L, tcyc ~ 1 MS, 

V|N =V|h/V||_, lout ~ 0mA 

- 

6.0 

10.0 

mA 

bD02 

Current 

^ = OV, tcyc = IMS, 

V|N = Vdd/GND, lout =0mA 

- 

4.0 

7.0 

mA 


Note; Typical values are at Ta = 25°C, Vqq = 5V. 


CAPACITANCE (Ta = 25°C, f = 1 MHz) 


SYMBOL 1 

PARAMETER 

MIN. 

TYP. 

MAX. 

! UNIT 

C|N 

Input Capacitance 

- 

5 



Cqut 

Output Capacitance 

- 

5 

1 io ! 



Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = ~40 ~ 85°C Vdd = 5V ± 10%) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Iacc 

Chip Enable Access Time 

- 

- 

450 

ns 

IqE 

Output Enable Access Time 

- 

_ 

150 

ns 

Us 

Address Setup Time 

30 

- 

- 

ns 

Uh 

Address Hold Time 

30 

- 

- 

ns 

_tec_ 

CE OFF time 

70 

- 

- 

ns 

tCEH 

Chip Enable Hold Time 

450 

-.. 

- 

ns 

tOD 

Output Desable Time 

- 

- 

100 

ns 

tCYC 

Cycle Time 

540 

- 

- 

ns 


A.C. TEST CONDITIONS 

^ Output Load : lOOpF + 1TTL Gate 

» Input Pulse Levels : 0.6V, 2.4V 

» Timing Measurement Reference Levels 

Input ; 0.8V and 2.2V 
Output : 0.8V and 2.2V 
■> Input Pulse Rise and Fall Times :10 ns 


TIMIWG WAVEFORMS 



OPERATION MODE 


MODE 

CE 

OE 

ADDRESS 

OUTPUTS 

Read 


L 

* 

Data out 

Standby 

H 

* 

* 

HighZ 

Address 

Latch 


- 

Valid 

High Z 


* : Don't care. 
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TOSHIBA 


TOSHIBA PAPER TAPE FORMAT 


Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 

Two acceptable formats which are described in section A and B are available. 



word is used) 


Preceding the first data field and follwing the last data field there 
must be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark ('.') signify a comment 

and □□□□ indicates a four-digit user pattern number. 

y indicates carriage return and line feed. 

Specify .the most significant bit (MSB) of the device outputs (Dy or Do) 
N8 indicates that the mask pattern is an 8-bit pattern. 

Semicolon (;) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 

X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X. 

P. signifies the check sum per word. 

Enter the sum of 1 in a one word decimal after the character P. 


* Data Modification 

Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting data following the 
above procedure before the end symbol. 

Modification can be allowed from 0 to 4095 addresses. 


$ signifies the End symbol. 
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TOSHIBA 


B. Format 2 (when a check sum per word fis not used) 


NULL 


'TC5333P-nnnn'y 
'MSB = 07'^ 

N8; J 

RnnnO;X7F5A .... 39E5; ) 

Rnni6;X108C.B241; ) 

Rnn32;X2DBA.36C7; ) 


R4064;X1EC5.31DE; ^ 

R4080;X4DA6.1BA4; ^ 


$ ; 

NULL 


R signifies an address. 

Enter the address with the four decimal digits every sixteen words 
after the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1. 


In addition, Toshiba can also accept programming and masking information for TC5333P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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TOSHIBA 


OUTLINE DRAWINGS 


24 23 22 21 20 19 18 17 16 15 14 13 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 

© Mar., 1982 Toshiba corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 


TC5334P 


DESCRIPTION 

The TC5334P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5334P has two programmable chip enable 
inputs (CEt/CEi and CE 2 /CE 2 ) for device selection. 
The maximum access times from address and chip 
enable are both 450 ns. 

The TC5334P is pin compatible with the industry 

FEATURES 

• Access Time; 450 ns 

• Low Power Dissipation 

IddO ^7 mA (Max.) ; Operating 
Idds = 20mA (Max.) : Standby 

• AIMnputs and Outputs: TTL Compatible 

• Three State Outputs 


produced NMOS ROM TMM333P, yet offers a more 
than 90% reduction in power of their NMOS equiv¬ 
alent. The TC5334P's maximum operating and 
standby current is 7mA and 20 mA, respectively. Thus 
the TC5334P is most suitable for use in low power 
applications such as battery operated system. 

The TC5334P is molded in a 24 pin standard 
plastic package. 


• Fully Static Operation 

• Tw o Programmable Chip Enables; 
CEi/CEi,CE2/CE2 

• Pin Compatible with TMM333P 

• Standard 24 pin Plastic Package 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 
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TOSHIBA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Q 

Q 

> 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V ~ 7.0V 

Vqut 

Output Voltage 

OV ~ Vdd 

Pd 

Power Dissipation (Ta = 85°C) 

0.8W 

Tstg 

Storage Temperature 

-55®C~ 150°C 

fOPR 

Operating Temperature 

-40°C ~ 85°C 

Tsolder 

Sobering Temperature • Time 

260®C • 10 sec 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta - -40"C - 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

' 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 


V 

V|H 

Input High Voltage 

2.2 

- 

Vdd+0-3 

V 

____V|L._______ 

Input Low Voltage 

ro 

d 

1 

- 

0.8 

V 


D.C. CHARACTERISTICS (Ta = -40"C ~ 85"C, Vdd = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Load Current 

0 ^ V|N ^ Vdd 

- 

- 

±1.0 

mA 

Ilo 

Output Leakage Current 

CE = V|l(^ = V,H),0V^Vout S Vdd 

- 

- 

±5.0 

ma 

Iqh 

Output High Current 

VoH = 2.4V 

-1.0 

-4.0 

- 

mA 

_. 

Output Low Current 

Vol=0.4V 

2.0 

4.0 


mA 

Iddsi 

Standby Supply Current 

CEi = 0.8V or CE 2 = 0.8V 

(^1 = 2.2V or ^2 =2.2V) 

- 

0.5 

5.0 

mA 

bDS2 

CEi =0.2VorCE2 = 0.2V 

(^1 = Vdd -0-2V or ^2 = Vdd -0.2V) 

- 

0.05 

20 

ma 

Iddoi 

Operating Supply 

Current 

CEi =CE2 =V,H 

(CE 1 = CE 2 = V|1_) tcYC 'IMS 

V|N = V|h/V|l lout = 

- 

6.0 

-1 

10.0 

mA 

IdD02 

CEi =CE2 =Vdd 

(^1 =^2 = OV) tcYc = IMS 

V|N Vdd/GND lout = 0mA 

- 

4.0 

7.0 

mA 


Note; Typical values are at Ta = 25®C, Vqq = 5V. 


CAPACITANCE (Ta = 25'C, f = 1 MHz) 


SYMBOL 

PARAMETER 

MIN. 

! typ. 

MAX. 

UNIT 

C|N 

Input Capacitance 

- 

5 

10 

pF 

Cqut 

Output Capacitance 

~ I 

5 

10 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ±10%) 


SYMBOL 

paramter 

MIN. 

TYP. 

MAX 1 

UNIT 

Ucc 

Address Access Time 

- 

- 

450 

ns 

tCE 

Chip Enable Access Time 

1 I 

- 

450 

ns 

tOD 

Out put Desable Time 

1 

- 

100 

ns 

^CYC 

Cycle Time 

450 

- 

- 

ns 


A.C. TEST CONDITIONS 

" Output Load ; lOOpF + 1TTL Gate 

» Input Pulse Levels : 0.6V, 2.4V 

“ Timing Measurement Reference Levels 

Input :0.8V and 2.2V 
Output: 0.8V and 2.2V 
- Input Pulse Rise and Fall Times :10 ns 


TIMING WAVEFORMS 



OPERATION MODE 


MODE 

CEi(^i) 

CE2{^2) 

ADDRESS 

OUTPUTS 

Read 

H(L) 

H(.L) 

Valid 

Data out 

Standby 

L(H) 

*(*) 

* 

High Z 


L(H) 

* 

High Z 


* Don't care 
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TOSHIBA 


TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8-bit (even parity) ASCI I code paper tape for ROM data input. 

Two acceptable formats which are described in section A and B are available. 

A. Format 1 (when a check sum per word is used) 


NULL 

TC5334P-nnDn J 

'MSB= D7'y 
N8; J 

RnnnO;X7FP7; .... ;X07P3; J 
Rnnn8;X38P3; .... 
Rnni6;X10P1;. 


:XE5P5; J 
;X6BP5; ^ 


R4080;X4DP4; 
R4088;X2CP3; . 


(csi = 1) y 
(CS2 =0) j 

$y 

NULL 


;XB5P5; J 
. ;XA4P3; J 


Preceding the first data field and following the last data field there 
must be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark ('.') signify a comment 

and □□□□ indicates a four-digit user pattern number 
^ indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (Dy or Dq) 
N8 indicates that the mask pattern is an 8-bit pattern. 

Semicolon(;) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 

X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X. 

P signifies the check sum per word. 

Enter the sum of 1 in a one word decimal after the character P. 


* Data Modification 

Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting data following the 
above procedure before the end symbol. 

Modification can be allowed from 0 to 4095 addresses. 

Specify the active logic of chip enables CEt/CEi (20 PIN) and CE 2 / 

CE 2 (21 PIN) in the parentheses respectively. _ 

Enter CSI = 1 or CSI = 0 when active logic of CEt/CEt is at high 

or low levels, respectively. _ 

Enter CS2 = 1 or CS2 = 0 when active logic of CE 2 /CE 2 is at high 
or low levels, respectively. 

An example is shovyn in the left figure. 

In this example, the device is selected under the condition that CE-i/ 
CEi and CE 2 /CE 2 are at high and low levels, respectively. 

$ signifies the End symbol. 
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TOSHIBA 


B. Format 2 (when a check sum per word is not used) 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words 
after the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1 


In additon, Toshiba can also accept programming and masking information for TC5334P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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TOSHIBA 


OUTLINE DRAWINGS 


24 23 22 21 20 19 18 17 16 15 14 13 





Note; Each lead pitch is 2.54 mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 

©Mar., 1982 Toshiba corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 


TC5335P 


DESCRIPTION 

The TC5335P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 

supply. _ 

The TC5335P has a chip enable input ( CE ) for 
device selection and a output enable input (OE) for 
fast memory access and output control. And the 
TC5335P uses th^address latch system that the 
;^ing edge of CE latches al.l inputs except for 
OE, thus can be connected to a system where address 
and data buses are commonly used. The maximum 

FEATURES 

• Access Time; 450 ns 

• Low Power Dissipation 

Iddo =7 mA (Max.) : Operating 
Idds =20/iA (Max.) ; Standby 

• All Inputs and Outputs; TTL Compatible 

• Three, state outputs 

PIN CONNECTION (TOP VIEW) 



PIN NAMES 


> 

1 

> 

Address Inputs 

Do — D7 

Data Outputs 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vdd _ 

Power (+5V) 

GND _ 

Ground 


access time from chip enable is 450 ns. The TC 
5335P is pin compatible with the industry produced 
NMOS ROM TMM333P,yet offers a more than 90% 
reduction in power of their NMOS equivalent. The 
TMM5335P's maximum operating and standby current 
is 7 mA and 20 fiA, respectively. Thus the TC5335P 
is most suitable for use in low power applications 
such as battery operated system. 

The TC5335P is moulded in a 24 pin standard 
plastic package. 


• Two Control Functions; CE , OE 

• Address Latches; 

• Output Control; OE 

• Pin Compatible with TMM333P 

• Standard 24 pin Plastic Package 


BLOCK DIAGRAM 


VdD gnd 
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TOSHIBA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3V ~ 7.0V 

V|N 

Input Voltage 

-0.3V ~ 7.0V 

VoUT 

Output Voltage 

OV ~ Vdd 

Pd 

Power Dissipation (Ta -Sb°C) 

0.8W 

TsTG 

Storage Tennperature 

-55°C~150®C 

Tqpr 

Operating Temperature 

-40°C~85°C 

Tsolder 

Sobering Temperature • Time 

260®C-10sec 


RECOMMENDED D.C. OPERATING CONDITIONS (Ta - -40^C- 85^C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. CHARACTERISTICS {Ta = ~40°C ~ 85°C, Vdo = 5V±10%) 


SYMBOL 

parameter 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

l|L 

Input Load Current 

0 ^ V|N ^ Vdd 

- 

- 

±1.0 

ma 

•lo 

Output Leakage Current 

CE =V,H,OV< Vout^Vdd 

- 

- 

±5.0 

ma 

Iqh 

Output High Current 

VoH = 2.4V 

-1.0 

-4.0 

- 

mA 

•OL 

Output Low Current 

VoL =0.4V 

2.0 

4.0 

- 

mA 

Iddsi 

Standby Supply Current 

^ = 2.2V 

other inputs = V|h or V|l 

- 

2.0 

5.0 

mA 

bDS2 

^ = Vdd -0 .2V 

other inputs = 0.2V or Vdd —0.2V i 

- 

0.05 

20 

fxA 

Iddoi 

Operating Supply 

Current 

CE = V|L, tcyc = 1 ms, 

V|N = V|h/V|l, lout = 0mA 

- 

6.0 

10.0 

mA 

IdD02 

^ = OV. Icyc = 1 MS. 

V|N =Vdd/GND, lout = 0mA 

- 

4.0 

7.0 

mA 


Note: Typical values are at Ta = 25°C, Vqq = BV 


CAPACITANCE (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

- 

5 

10 

pF 

Cqut 

Output Capacitance 

- 

5 

10 

pF 


Note; This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = -40 ~ SB^C, Vdd = 5V ±10%) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Ucc 

Chip Enable Access Time 

- 

- 

450 

ns 

fOE 

Output Enable Access Time 

- 

- 

150 

ns 

Us 

Address Setup Time 

30 

- 

- 

ns 

Uh 

Address Hold Time 

30 

- 

- 

ns 

tcc 

CE OFF time 

70 

- 

- 

ns 

tCEH 

Chip Enable Hold Time 

450 

- 

-_ 

ns 

^OD 

Output Desable Time 

- 

- 

.loo 

ns 

tCYC 

Cycle Time 

540 

. ! 

- 

ns 


A.C. TEST CONDITIONS 

» Output Load : lOOpF + 1TTL Gate 

« Input Pulse Levels ; 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input :0.8V and 2.2V 
Output : 0.8V and 2.2V 

• Input Pulse Rise and Fall Times :10 ns 


TIMING WAVEFORMS 



OPERATION MODE 


MODE 


of 

ADDRESS 

OUTPUTS 

Read 

L 

L 

* 

Data out 

Standby 

H 

* 

* 

High Z 

Address 

Latch 


* 

Valid 

High Z 


Don't care. 


- 287 - 





TOSHIBA 


TOSHIBA PAPER TAPE FORMAT 


Use 7 or 8 -bit (even parity) ASCI I code paper tape for ROM data input. 

Two acceptable formats which are described in section A and B are available, 

A. Format 1 (when a check sum per word is used) 



Preceding the first data field and following the last data field there 
must be a leader /trailer length of at least 50 null characters. 

Contents in a single quotation mark ('.') signify a comment 

and □□□□ indicates a four-digit user pattern number. 

^ indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (D 7 or 
Do) 

N 8 indicates that the mask pattern is an 8 -bit pattern. 

Semicolon (;) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8 -words after the character R. 

X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X. 

P signifies the check sum per word. 

Enter the sum of 1 in a one word decimal after the character P. 


* Data Modification 

Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting the data following 
the above procedure before the end symbol. 

Modification can be allowed from 0 to 4095 addresses. 

$ signifies the End symbol. 
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B. Format 2 (when a check sum per word is not used) 


TOSHIBA 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words 
after the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1. 


In addition, Toshiba can also accept programming and masking information for TC5335P in the form 
punched paper tape with Intel BNPF format or master devices (EPROMs). 


of 
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TOSHIBA 


OUTLINE DRAWINGS 




Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 

© Mar., 1982 Toshiba corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

TC5364P 64K BIT (8K WORD x 8 BIT) CMOS MASK ROM — ^ ^ ^ ^ ^ ^ 

TC5364P 

SILICON GATE CMOS 


DESCRIPTION 

The TC5364P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC5364P using CMOS technology is most suitable for 
low power applications such as battery operated 
system. 

The TC5364P is asynchronous type ROM which is 
consisting of address latch circuit, static memory 

FEATURES 

• Single Power Supply: 5V 

• Access Time; 250 ns 

• Low Power Dissipation 

Operating Current: 7mA (Max.) 

Standby Current; 20juA(Max.) 

• Wide Operating Temperature Range; —40~85°C 

• Pin Compatible with 64K EPROM TMM2764 and 
NMOS ROM TMM2364/2365 

PIN CONNECTION 

nc/pd/pdC 1 
Ai2C 2 

A7C 3 
A6 C 4 
AsC 5 

A4C 6 S 

^3C 7 > 

AaC 8 - 

AlC 9 t 

AOC 10 

Doc 11 

Di C 12 
D2C 13 
GNDC 14 

PIN NAMES 


Aq ~ Ai2 

Address inputs 

Do ~ D 7 

Data outputs 

CEi ~CE3 

Chip enable inputs 

Pd 

Power down input 

OE 

Output enable input 

NC 

No connection 

^DD 

Power Supply 

GND 

Ground 


28 3 Vdd 

27 DlMC/CEi/CEi 

26 3 NC/CE2/CE2 

25 3A8 

24 3 A9 

23 3 All 

22 3 OE 

21 3 Alo 
20 3 CE3/^3 
19 3 D 7 

18 3 D6 
17 3 Ds 
16 3 D4 

15 2 D3 


PRELIMINARY 

cells and clocked peripheral circuitry. The falling 

edge of CE_^(or rising edge of CEa) latches all inputs 
except for OE and PD/PD. 

The TC5364P has a PD/PD (optional) input for 
device power saving, and also has three progrannma ble 
chip enable inpjrfe (CEi - 3/^1 ~ 3 ) and one output 
enable input (OE) for fast mennory access and output 
control. 

The TC5364P is moulded in a 28 pin standard 
plastic package. 

• Edge Enable Operation; CE 3 /CE 3 

• Address Latch Type 

• Programmable Power Saving Input PD/PD/NC 

• Programmable Chip Select; CEi, CE 2 , CE 3 , Easy 

Memory Expansion 

• All Inputs and Outputs; TTL Compatible 

• Three State Outputs 


BLOCK DIAGRAM 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Voltage 

-0.5 ~ 7.0 

V 

VoUT 

Output Voltage 

0 ~Vdd 

V 

Pd 

Power Dissipation 

1.0 

W 

Topr 

Operating Temperature 

-40 ~ 85 


Tstg 

Storage Temperature 

-55-150 

°c 

Tsoldr 

Soldering Temperature • Time 

260• 10 

°C ■ sec 


D.a OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.5 

V 

V|H 

Input High Voltage 

2.2 

Vdd + 0-3 

V 

V|L 

Input Low Voltage 

-0.3 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, VpD = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

MAX. 

UNIT 

l|N 

Input Leakage Current 

OV ^ V|N ^ Vqd 

- 

±1.0 

fiA 

Ilo 

Output Leakage Current 

OV ^ Vqut ^ Vdd 

- 

±5.0 

ma 

Iqh 

Output High Current 

VoH =2.4V ' 

-1.0 

- 

mA 

Iql 

Output Low Current 

Vql =0.4V 

2.0 

- 

mA 

Iddoi 

Operating Current 

(CE, V|h) =2.2V 
(CE, V|l) =0 .8V 

ICYC 'I^S 

- 

10 

mA 

IdD02 

(CE, V|h) = Vdd -0.2V 
(CE, V|l) =0 .2V 

tCYC = 1ms 

- 

7 

mA 

Iddsi 

Standby Current 

(CE, V,h) =2.2V CE = 0.8V 
(CE, V|l) =0.8V CE =2.2V 
Output = OPEN 

- 

5 

mA 

bDS2 

(CE)=0.2V,(CE)=Vdd -0 .2V 

V|N ^ 0.2V or Vdd -0.2V 

Output = OPEN 


20 

iuA 


CAPACITANCE* (Ta = 25°C, f = IMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 1 

MAX. 1 

UNIT 

C|N 

Input Capacitance 

V,N = OV 

8 

PF 

Cqut 

Output Capacitance 

Vqut OV 

10 

PF 


*This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = 40 ~ SS^C, Vdd = 5V ± 10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Chip Enable Access Time 

- 

250 

ns 

tOE 

Output Enable Access Time 

- 

100 

ns 

^AS 

Address Set up Time 

0 

_ 

ns 

tAH 

Address Hold Time 

50 

- 

ns 

^CC 

Chip Enable Off Time 

90 

- 

ns 

tCES 

Chip Enable Setup Time from PD 

90 

- 

ns 

tOED 

Output Disable Time from OE 

- 

90 

ns 

^CED 

Output Disable Time from CE 

- 

90 

ns 

tpOH 

Output Hold Time from PD 

- 

90 

ns 

tCYC 

Cycle Time 

350 

- 

ns 


Note 1: Assumes than OE delay time to CE3/CE 3 ^ t/^CC ~ ^OE I 

A.C. TEST CONDITIONS 

• Output Load; lOOpF + 1 TTL Gate 

• Input Levels: V|l = 0.6V, Vm = 2.4V i 

• Timing Measurement Rference Levels 

Input: 0.8V, 2.2V 

Output; 0.8V, 2.2V 

• Input Rise and Fall Time; 5 ns 

TIMING WAVE FORMS 



L_ ^CYC 1 



L j 


Aq ~ Ai2 

CEi, CE2 


Valid ^ 

Don't Care 




. .i 



^3 

I^ED 



- . 

1 tAH ^ 

ce3/^3 y, 

U y 

CE3 ^ 

1 




1 TACC_j 

_^ 

tOED 




tOE 

--^ 

E_; 


OE 


M 




Valid 

\- 



ww 

/ 


1 tcES 




r _ 

I PD 

tPOH 

PD/PD y 







OPERATION MODE 


MODE 

PD (PD) 

CEi (^i) 

CE 2 (CE 2 ) 

CE 3 (CE 3 ) 

_0!_ 

Outputs 

Read 

L(H) 

H(L) 

H(L) 

H_r(LT.) 


Valid 

Output 

Deselect 

H(L) 

* 

* 

* 


High-Z 

* 

L(H) 

* 

* 



* 

L(H) 


* 



* 

L(H) 

* 

* 

* 

* 

* 

H 


Note; H; V|H, L: V| l, *; V,^ or V| |_ 
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TOSHIBA 


OUTLINE DRAWING 


28 27 26 25 24 23 22 

rti rti rti iti rh rh rti 

21 20 19 18 17 16 15 

i1^ rh rh fti rh rh rh_ 



X 

< 

1 r 1 I [ T r 

I 1 ] 1 1 1 1 

ir\ 

\ R1.5 

j 1 

1 


•-Th' i:jj"L|J cfj 

Lp L|J Lfj L|J L|J Lp' LpT" 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



i 


---^ 

o 

in 


a. ^ ^ 





T T ttt t '7 


r 

2.54 ±0.25 

tPiWmT 

0.5±0.15 2 

1.4 ±0.15 f, 

m 


Note; Each lead pitch is 2.54 mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

© Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TC5365P 64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 


TC5365P 


DESCRIPTION 

The TC5365P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
for microprocessor and character generator. 

The TC5365P using CMOS technology is most 
suitable for low power applications such as battery 
operated system. 


The TC5365P is an asynchronous type ROM 
which has three programmable chip enable inputs 
(CEi - CE 3 /CE 1 ~ CEs), and one output enable 
input (OE) for fast memory access and output control. 

The TC5365P is moulded in a 28 pin standard 
plastic package. 


FEATURES 

• Single Power Supply; 5V 

• Low Power Dissipation 

Operating Current; 7mA (Max.) 

Standby Current; COjuA (Max.) 

• Compatible with 64K EPROM TMM2764 and 
64K NMOS ROM TMM2365P. 

PIN CONNECTION 


• Fully Static Operation 

• Programmable chip select; CEi, CE 2 , CEs 

Easy Memory Expansion 

• All Inputs and Outputs; TTL-Compatible 

• Three State Outputs 


BLOCK DIAGRAM 


NCC 
A 12 C 
A7 c 
A6 C 
As L 
A4 c 
A3 C 

a2 c: 
Al c 
Ao C 
Do C 
Dl C 
D2 C 
GND C 


3 Vdd 

3 NC/CEi/CEi 
3 NC/CE2/CE2 

:a8 
3 A 9 

D All 

3OE 

] Aio 

DCE3/CE3 

3 D7 
: De 
:d5 
3 04 
3 03 


PIN NAMES 


Ao ~ Ai 2 

Address inputs 

□ o D 7 

Data outputs 

CEi ~CE3 

Chip enable inputs 

OE 

Output enable inputs 

NC 

No connection 

Vi,)D 

Power Supply 

GND 

Ground 


VdD GND 
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TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Voltage 

-0.5 ~ 7.0 

V 

VoUT 

Output Voltage 

0 ~ Vdd 

V 

Pd 

Power Dissipation 

1.0 

W 

^opr i 

Operating Temperature 

-40 ~ 85 

°C 

Tstg 

Storage Temperature 

-55~150 

°C 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C • sec 


D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


1 SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Q 

□ 

> 

Power Supply Voltage 

4.5 

5.5 

V 

V|H 

Input High Voltage 

2.2 

Vdd + 0.3 

V 

V|L 

Input Low Voltage 

-0.3 

0.8 

V 


I D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, VpD = 5V ±10%) 


symbol 

parameter 

CONDITIONS 

MIN. 

MAX. 

UNIT 

•in 

Input Leakage Current 

OV^Vin^Vdd 

- 

±1.0 

AiA 

•lo 

Output Leakage Current 

OV ^ Vqut ^ Vdd 

- 

±0.5 


•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

mA 

•ol 

Output Low Current 

VoL = 0.4 V 

2.0 

- 

mA 

•ddoi 

Operating Current 

(CE,V,h)=2.2V 
(CE, V|l) =0.8V 
tCYC == 1 

- 

10 

mA 

•dD02 

(CE.V,h)=Vdd -0.2V 
(CE, V|l) =0.2V 
tCYC = I 


7 

mA 

•ddsi 

Standby Current 

(CE , V,h)=2.2V 
(CE, V|l) =0.8V 

Output = OPEN 

- 

2 

mA 

•dDS2 

(CE) = 0.2V, (CE) = Vdd -0.2V 
V|N ~ OV ~ Vdd 

Output = OPEN 

- 

20 

HA 


CAPACITANCE* (Ta = 25°C, f = IMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

0|N 

Input Capacitance 

> 

O 

z 

> 

8 

PF 

OoUT 

Output Capacitanc 

Vqut ~ OV 

__ 1 

PF 


*This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 


A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ±10%) 








TOSHIBA 


OUTLINE DRAWING 


Unit: mm 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 



rfi rh rfi rfi. fti.rl3, itL 


■"1 r''r 1 1 I 1 

[k 

1 1 1 1 1 ~l T" 

X 

< 

5 

iK 

1(11 

1 1 1 1 1 -1 

CM 

Lp Lp L(J 4 j Lp LfJ 'CjJ 

1 2 3 4 5 6 7 

ih Lfj Ip tp' LfjTT Lp 

8 9 10 11 12 13 14 





Note; Each lead pitch is 2.54 mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, c 

the right, at any time without notice, to change said circuitry. 

© Apr., 1983 Toshiba Corporation 



TOSHIBA MOS MEMORY PRODUCTS 

TC5366P 64K BIT (8K WORD x 8 BIT) CMOS MASK ROM 

TC5366P 

SILICON GATE CMOS 


DESCRIPTION 

The TC5366P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. 

The TC5366P using CMOS technology is most 
suitable for low power applications such as battery 

FEATURES 

• Single Power Supply: 5V 

• Access Time; 250 ns 

• Low Power Dissipation 

Operating Current: 7mA (Max.) 

Standby Current: 20ju A (Max.) 


PRELIMINARY 

operated system. 

The TC5366P is an asynchronous type ROM 
and has a programmable chip enable input for device 
selection and device power saving. 

The TC5366P is moulded in a 24 pin standard 
plastic package. 


• Fully Static Operation _ 

• Programmable Chip Enable: CE/CE 

• All Inputs and Outputs; TTL Compatible 

• Three State Outputs 


PIN CONNECTION BLOCK DIAGRAM 











TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Voltage 

-0.5 ~ 7.0 

V 

VoUT 

Output Voltage 

0 ~ Vdd 

V 

Pd 

Power Dissipation 

1.0 

W 

Topr 

Operating Temperature 

-40 ~ 85 

'’C 

Tstg 

Storage Temperature 

-55-150 


Tsolder 

Sobering Temperature • Time 

260 • 10 

'^C • sec 


D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


symbol 

PARAMETER 

MIN. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.5 

V 

V|H 

Input High Voltage 

2.2 

Vdd + 0-3 

V 

VlL 

Input Low Voltage 

-0.3 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ SB^C, VpD = 5V ±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

•in 

Input Leakage Current 

OV^Vin^Vdd 

- 

±1.0 

liA 

•lo 

Output Leakage Current 

OV^VquT^Vdd 

- 

±0.5 

liA 

•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

mA 

•OL 

Output Low Current 

VoL = 0.4V 

2.0 

- 

mA 

•ddoi 

Operating Current 

(CE, V|h) =2.2V 
(CE, V|l) =0.8V 
tCYC 

- 

10 

mA 

•dD02 

(CE,V|h)=Vdd -0.2V 
(CE, V|l) =0.2V 

tCYC IMS 

- 

7 1 

mA 

•ddsi 

Standby Current 

_i 

{CE,V|h) =2.2V 
(CE, V|l) =0.8V 

Output = OPEN 

- 

2 

mA 

•dDS2 

_^_1 

(CE) =0.2V, (CE) = Vdd -0.2V 
V|N = OV ~ Vdd 

Output = OPEN 

- 

20 

iuA 


CAPACITANCE* (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

i CONDITIONS 1 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

o 

z 

> 

8 

PF 

Cqut 

Output Capacitance 

Vqut ~ OV 

10 

PF 


•This parameter is periodically sampled and is not 100% tested. 


- 300 - 













TOSHIBA 


A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Access Time 

- 

250 

ns 

tCE 

Chip Enable Access Time 

- 

250 

ns 

tCED 

Output Disable Time from CE 

0 

90 

ns 

tOH 

Output Hold Time 

0 

- 

ns 

tCYC 

Cycle Time 

250 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load: lOOpF + 1 TTL 

• Input Levels: V|l = 0.6V, V|h = 2.4V 

• Timing Measurement Reference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5ns 


TIMING WAVE FORMS 



^ tcYC ^ 



Ao~Ai2 ^ 

Valid ^ 

L 

f 







1 

CE/CE X 

; 


> 


1 

« tcE 


1 

1 JCED^ 



”1 

J 


High-z /W00<XX 

Valid ^ 


^ High-Z 



X)00\\ 


1 - 


OPERATION MODE 


MODE 

CE (CE) 

Output 

Read 

H(L) 

Valid 

Output 

Deselect 

L(H) 

High-Z 


Note: H: V|h, L: V | (_ 
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TOSHIBA 


OUTLINE DRAWINGS 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25mm longitudinal position with respect to No. 1 and 24 leads. 
All dimensions are in millimeters. 


Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, 

the right, at any time without notice, to change said circuitry. 

© Apr., 1983 Toshiba Corporation 


and Toshiba reserves 
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TOSHtBA MOS MEMORY PRODUCTS 


TC53256P 256K BIT (32K WORD x 8 BIT) CMOS MASK ROM 

TC53256P 

SILICON GATE CMOS _ 

PRELIMINARY 


DESCRIPTION 

The TC53256P is a 262,144 bit read only memory 
organized as 32,768 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC53256P using CMOS technology is most suitable 
for low power applications such as battery operated 
system. 

The TC53256P is a synchronous type ROM 
which is consisting of address latch circuit, static 
memory cells and clocked peripheral circuitry. 

FEATURES 

• Single 5V Power Supply; 5V 

• AccessTime: 350 ns (Max.) 

• Power Dissipation 

Operating Current; 15mA (Max.) 

Standby Current; 20juA (Max.) 

• Pin Compatible with 256K NMOS ROM 
TMM23256P 

PIN CONNECTION 

CS/CS/NC 
An 
A7 
A6 
As 
A4 
A3 
A2 
Al 
Ao 
Do 
Dl 
02 
GND 

PIN NAMES 


Aq ~ Ai4 

Address inputs 

Do ~ D 7 

Data outputs 

CS/CS 

Chip select input 

NC 

No conection 


Chip enable input 

OE 

Output enable input 

Vdd ” i 

Power supply 

GND 

Ground 



The CE falling edge latches all inputs except for 
CS/^ and OE. 

The TC53256P has a programmable chip select 
input (CS/CS, optional) jf^r device power saving, 
one chip enable input (CE) ^ device selection, 
and one output enable input (OE) for fast memory 
access and output control. 

The TC53256P is moulded in a 28 pin standard 
plastic package. 


• Edge Enable Operation; CE 

• Address Latch Type 

• Programmable Chip Select Input; CS/CS/NC 

• All Inputs and Outputs; TTL Compatible 

• Three State Outputs; Wired OR capability 


BLOCK DIAGRAM 

Vdd GND 



- 303 - 












TOSHIBA 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Voltage 

—0.5 ~ Vq0 + 0.5 

V 

Vqut 

Output Voltage 

0 ~ Vqd 

V 

PD 

Power Dissipation 

0.8 

W 

"^stg 

Storage Temperature 

-55 ~ 150 

°C 

Topr 

Operating Temperature 

-40 ~ 85 

°C 

Tsid 

Soldering Temperature • Time 

o 

o 

CD 

CN 

°C • sec 


D,C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0-3 

V 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V + 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

l|L 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

±1.0 

ma 

•lo 

Output Leakage Current 

CS = V,L (CS_^V,H)or 

CE = V|H or OE = V|H 

Vqut = OV ~ Vdd 

- 

±1.0 

(JlA 

•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

mA 

Iql 

Output Low Current 

VoL = 0.4V 

- 

2.0 

mA 

Idds 

Standby Current 

CS = OV (CS = Vdd) or 
CE=VDDandV|N=OV(VDD) 

- 

20 

ma 

Iddoi 

Operating Current 

V|N = V|h/V|l, tcycle = IMS 

-1 

25 

mA 

IdD02 

V|N “ Vdd/OV, tcycle = 1ms 

- 

15 

mA 


CAPACITANCE* (f = 1MHz, Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C|N 

Input Capacitance 

1 

10 

PF 

Cqut 

Output Capacitance 

_1 

10 

PF 


‘This parameter is periodically sampled and is not 100% tested. 







TOSHIBA 


A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tCYC 

Cycle Time 

450 

- 

ns 

tACC 

Chip Enable Access Time 

- 

350 

ns 

tOE 

Output Enable Access Time 

- 

120 

ns 

too 

Output Disable Time 

0 

100 

ns 

tcp 

Precharge Time 

90 


ns 

tAS 

Address Set-up Time 

50 

- 

ns 

tAH 

Address Hold Time 

50 

- 

ns 

^CSS 

Chip Select Set-up Time 

50 

_1 

_1 

ns 


Note 1 : Assumes that OE delay time to CE ^ t/^CC ~ ^OE 

Note 2: Tqd specified from CE, OE or CS/CS trailing edge, whichever occurs first. 


AC TEST CONDITIONS 

• Output Load: lOOpF + 1TTL 

• Input Levels: O.eV, 2.4V 

• Timing Measurement Reference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5 ns 


TIMING WAVEFORMS 


^CYC 



^ 




STABLE ^ DON'T CARE 





. tACC 



m m 

V --- 

; 



T 



X 


cs 

- - ^OE 

_/ 


: 

HIGH-Z 

—1 

toD 

V HIGH-Z 


^ 

- 


OPERATION MODE 


MODE 

CS (CS) 

CE 

OE 

Aq ~ 14 

Outputs 

Read 

H(L) 

L(-L_) 

L 

Valid 

Data out 

Output Deselect 

L(H) 

* 

* 

* 

High Z 

* 

H 

* 

* 

* 

* 

H 

* ■ 


Note; H: V|h, L: V|l. *: V,h or V|l 
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TOSHIBA AMERICA INC. 

U.S. OFFICES 


CORPORATE OFFICE 
2441 Michelle Drive 
Tustin, CA 92680 
(714) 730-5000 
TLX:183812 



NORTHWEST AREA 
2021 The Alameda, 
Suite 220, 

San Jose, CA 95126 
(408) 244-4078 


CENTRAL AREA 
7300 Metro Blvd. 
Edina, MN 55435 
(612) 831-2566 
TWX: 910-576-1321 


SOUTHWEST AREA 
1400 Quail St. - Suite 100 
Newport Beach, CA 92660 
(714) 752-0373 
TWX: 910-596-1886 


EASTERN AREA 
The Burlington Bus. Ctr., 
67 South Bedford Street, 
Suite 102E, 
Burlington, MA01803 
Tel: (617) 272-4352 
Fax: (617) 272-3089 
TLX: 940058 
Answerback Toshiba Burl 
TWX: 7103216730 


The information in this guide has been carefully checked and is believed to be reliable, 
however, no responsibility can be assumed for inaccuracies that may not have been caught All 
information in this guide is subject to change without prior notice. Furthermore, Toshiba 
cannot assume responsibility for the use of any license under the patent rights of Toshiba or 
any third parties. 











